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Abstract 


Tide gauge and current meter data available from the southern 
Beaufort Sea are summarised and the existence of large seasonal variation in 
tidal constituents is discussed. Existing cotidal charts for the ice-free 
season are then reviewed. A series of numerical model studies of the semi- 
diurnal tides, particularly the M, tide, is described and extended cotidal 


charts for the semi-diurnal tides, based on the model results, are presented. 
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1. TIDAL OBSERVATIONS IN THE SOUTHERN BEAUFORT SEA 
1.1 Available Records 


Permanent tide gauges have been maintained at Tuktoyaktuk, Cape Parry 
and Sachs Harbour (Fig. 1) since 1961, 1966 and 1972 respectively, though 
occasional gaps in the records have occurred because of difficult operating 
conditions. Figure 2 indicates the sites of various temporary gauges in 
Canadian waters, while Figure 3 shows where tidal heights have been recorded 
on the north Alaskan coast. A few temporary sites have been omitted because 
either the records were too short or analysis showed serious inconsistencies 
between records from the same site or neighbouring sites. Herschel Island, 
off-shore site 13 and Point Barrow are the only locations, besides the three 
permanent stations, where records have been obtained during the winter months. 


The periods for which Canadian records are available in digitized 
form are given in Tables 1-6. The Alaskan records listed in Table 7 are 
obtainable from the U.S. Coast and Geodetic Survey in tabular form. 


Current meters were installed near the sea bottom at various sites 
indicated in Figure 2 over the summers of 1974 and 1975 and the periods FOL 
which records were obtained are given in Table 8. 


Until the 1970s, tidal heights were collected manually or on 
continuous ('analog') recording devices from which hourly heights were 
extracted by manual sampling. Recently, recordings of tidal heights and 
currents have been made directly in digital form at hourly or shorter 
intervals. Information on the exact locations, sampling intervals, periods 
recorded and types of instrument used is held by Canadian Hydrographic Service, 
Vigeo tila, 


Be2 Analysis of Surface Elevation Records 


Mean sea level at gauge sites on the Beaufort Sea coast is diffiicult 
to establish, as there is considerable seasonal variation in level caused 
mainly by discharge from the Mackenzie River. The effect is most marked in 
bad ice years when the persistent ice cover appears to partly -dam“the river 
water against the coast, augmenting the normal steric increase in level to as 
much as 0.3 m. However, this uncertainty in the mean level has little effect 
on the analysis of diurnal and higher frequency tidal constituents to which 
attention is confined in this report. The shallow coastal waters are very 
responsive to meteorological influences, in particular to winds during ice- 
free summer months. Fluctuations in level lasting a few days and reaching 
0.5 m above or below mean level are quite frequent and larger variations 
are not uncommon. Low-frequency constituents of genuinely tidal origin are 
masked by these meteorologically induced variations and for this reason are 
not considered further in this report. 


The method used to analyze the hourly tidal heights is described by 
Godin (1972) and Foreman (1977). A least square fit to the observations is 
effected using a sum of up to 63 constituents, selection of constituents being 
on the basis of adequate frequency separation from neighbouring constituents. 
Certain constituents which would normally be excluded on grounds of 


insufficient frequency separation (i.e. short record length) are inferred from 
neighbouring major constituents in whose calculated amplitudes and phases they 
would otherwise cause cyclic variations (Godin, 1972). 


Table 9 shows the results of,1l-year analyses at Tuktoyaktuk for the 
four years in which substantially complete records were collected. Only those 
constituents clearly above the noise level are shown. The great variability 
of the calculated low-frequency constituents confirms the pointlessness of 
considering tides below diurnal frequency. Quite clearly the semi-diurnal 
constituents account for most of the remaining tide, M, being predominant. — 


The large amplitudes found for H, and H,, the Horn constituents close to M 


1 pad oh 
are far larger than can be accounted for by the tidal driving forces at the 
corresponding frequencies and can be attributed to variation in the amplitude 


or phase of M, (Godin, 1972, p. 174). There is a similar spread of 7) into R, 


and T,. The variations in some major constituents in one particular year can 


be seén clearly from the monthly analyses in Table 10. In the case of M, and 


So» it can be said with reasonable certainty that systematic seasonal changes 


occur. During the summer months the phases are in advance of winter values 
and the amplitudes are larger; the seasonal changes occur relatively smoothly, 
with minor irregularities which are probably attributable to storm surges. 

For the smaller constituents, storm surge or other effects obscure any system- 
atic trends which may be present. , 


It seems that these variations in the tide at Tuktoyaktuk are due 
primarily to the seasonal nature of the ice cover on the Herschel-Bathurst 
shelf. At Pt. Barrow, where there is normally little open water even in 
summer, the phase of the M, constituent is constant year round to within 1° 
(Matthews, private communication). Monthly analyses show that at Herschel 
Island, the M,, tide arrives about 10° earlier in summer than in winter, whereas 


at Tuktoyaktuk the difference is at least 60°. Even in ice-free summers, there 
is not usually a great extent of open water west of Herschel Island, the 
direction from which the semi-diurnal tides approach. There is consistent 
evidence therefore that the presence of ice cover delays the tide, the amount 
of the delay being very roughly proportional to the increase in extent of the 
ice. 


An important implication of such seasonal changes is that care must 
be taken when comparing tidal behaviour at different sites. In particular, 
cotidal charts of the area must be based on records covering similar periods. 
At the present time, enough observations are available from the Herschel- 
Bathurst shelf to draw up rough cotidal charts for ice-free summer conditions, 
see for instance, Figures 4 and 5. 


If measurements are made at more sites during the winter months, it 
should be possible also to prepare cotidal charts for fully ice-covered 
conditions, but it seems very unlikely that enough observations will ever be 
made to provide cotidal charts. valid for all the great variety of partial ice- 
cover configurations found in the interim season. It was in the hope of coping 
to some extent with this problem that the numerical modelling study described 
later in this report was begun. 


2351" Gotidal “charts for “surface elevation 


Cotidal charts prepared on the basis of observations made mainly 
during the 1974 and 1975 spring and summer field seasons are shown in Figures 4 
and 5 (Huggett et al, 1976). The phases shown are Greenwich phases relative to 
time zone +6 (see footnote p. 11). The behaviour of M, and K, are typical of 
all the major semi-diurnal and diurnal constituents respectively, in that the 
former all propagate eastwards from Alaskan waters while the latter apparently 
propagate southwards. The chart for K, is probably less reliable than that for 
M. since the amplitude of K, is closer to the noise level. One aim of the 
numerical modelling study was to extend the coverage of these cotidal charts to 
all navigable parts of the Canadian sector of the Beaufort Sea. 


1.3” Analysis of Current Meter Data 


The current meter record from each site was resolved into tidal 
constituents according to the method outlined in Godin (1972). The computer 
program used for this analysis reduces each constituent into clockwise and 
anticlockwise rotating vectors which it specifies in terms of their respective 
amplitudes at, a~ and phases ere e~, The definitions of these parameters and 
their relationships to other representations of tidal current constituents, in 
particular the 'current ellipse' and the ‘Greenwich phase’, are discussed in 
some detail in Appendix l. 


99571" tcotidal “charts® for ctrrents 


Figure 6 shows a tentative cotidal chart for the M, tide (Huggett et 
al, 1976) based on analyses of current meter records from eight sites. Results 
from a ninth site, No. 3, which became available later, have been added. The 
apparent increase from east to west of the Greenwich phase can be viewed as a 
westerly progression of the time of maximum flow, a situation contradictory to 
the eastward progression of surface elevation discussed in §1.2.1.°' Hoewever, 
due to arbitrariness in the definition of Greenwich phases of tidal current 
constituents (Appendix 1), there are possible ambiguities of 180° in the 
observed phases at isolated sites and indeed as is shown in §2.4, this problem 
is not always overcome when intermediate values are available. On selecting 
the possible alternative values (shown in parentheses) at some sites, it can 
be argued that the time of maximum flow, pertaining to the M, constituent, in 
fact progresses eastward. 


In the case of K, there is no similar difficulty in the interpretation 
of observed current phases. Figure 7 indicates a southward progression of time 
of maximum flow, which is concordant with the progression of surface elevation 
shown in Figure 5. 


2. NUMERICAL MODEL STUDIES OF TIDAL CONSTITUENTS 


The availability of a two-dimensional vertically-integrated finite- 
difference model covering the southern Beaufort Sea (Henry and Heaps, 1976) 
prompted attempts to simulate the behaviour of major tidal constituents, with 
the aims of extending cotidal charts, resolving uncertainty about the direction 
of propagation of the semi-diurnal tide and determining optimum sites for 
future measurements. The area covered by the model is shown in Figure 8. 


Although the governing equations include a quadratic friction term, the total 
tidal range is small enough that this nonlinearity may be ignored and the 
constituents of interest simulated separately. While all efforts to simulate 
the diurnal tides failed, the semi-diurnal constituents were reproduced with 
reasonable accuracy in the Canadian sector. 


2 ah Preliminary Simulation of Semi-diurnal Surface Elevation: Model 1 


A fundamental assumption made was that the tides in the area 
considered are essentially 'co-oscillating', that is, the local contribution 
of the tidal generating potential is small and the tides originate in the 
adjacent deeper ocean areas. In simulation of co-oscillating tides it is 
usually necessary to know beforehand the amplitudes and phases of the 
constituents along the sea boundaries of the model, in this case the western 
and northern boundaries (the boundary conditions applied in the narrow eastern 
channels were found to affect the model behaviour locally only). Point Barrow, 
close to the southern end of the western boundary is in fact the only point 
near either sea boundary where observations have been made. In a preliminary 
Simulation (Model 1), it was assumed, on the basis of Figure 4, that the M, and 
other semi-diurnal constituents probably entered the domain of the model over 
the western boundary. Secondly, it was assumed that the amplitude and phase 
of each constituent were the same all along this relatively short boundary. 


With zero initial conditions throughout the interior of the model and 
periodic surface elevation imposed at the western boundary, a wave propagates 
eastward into the model domain. From general knowledge of the Kelvin wave- 
like behaviour of tidal waves in the northern hemisphere, it was assumed that 
such waves would leave the model domain travelling northwards, parallel to the 
Banks Island shore. For this reason, the radiation condition used on the 
northern boundary in the original model was retained, as it was designed to 
permit the free escape of the northward component of any long wave reaching 
this boundary, clearly an appropriate condition in the present case. 


The model was run in the above manner with an imposed periodic surface 
elevation on the western boundary at M, frequency and with an amplitude of 6 cm, 
that is, the observed amplitude of M, at Point Barrow. After only five cycles, 
approximately steady periodic conditfons obtained throughout the model. 
Amplitudes and phases were found by fitting sinusoids to the elevations 
Computed for three subsequent cycles. Part of the resulting cotidal amplitude 
and phase charts are shown in Figures 9 and 10, which also show, for comparison, 
values obtained from summer records at various sites. It must be noted that 
the computed phases shown in Figure 10 do not come directly from the model, 
which simply provides phases relative to the driving periodic condition on the 
western boundary. The phases shown were obtained by adding to all the 
computed phases an arbitrary angle such that the simulated tides at Herschel 
Island and Cape Parry (two stations where substantial series of observations 
have been made) agreed well with observed values. Using a least Square fit, 


the error at the two Stations was less than 3° for the M, tide. 


From Figure 9 it can be seen that there is quite good agreement 
between simulated and observed amplitudes. M, phases from the simulation as 
shown in Figure 10 were Satisfactory and theré was also fair agreement with 
the few observations available in Amundsen Gulf, but the observed phases along 
the Alaskan coast, which did not become available until after Model 1 had been 
devised and run, were not at all well reproduced. . 


2.2 Refined Simulation: Model 2 


The Alaskan observations indicated roughly simultaneous phase for 
the M, wave all along the coast from Point Barrow to Herschel Island. This 
fact, together with closer study of the bottom topography north and west of 
Point Barrow led to a second model, in which a periodic boundary condition 
was arranged which introduced a travelling wave through the northwest part 
of the model domain. For computational convenience, this was achieved by 
imposing a periodic surface elevation at the 3650 m depth contour, the 
amplitude and phase being kept constant all along the contour. The remaining 
sea boundaries, including now the western boundary, were governed by the 
radiation condition permitting outward passage of the normal components of 
incident long waves. 


On starting from rest with periodic elevation of 6 cm at M, frequency 
imposed on the 3650 m contour, Model 2 settled to steady oscillation in a few 
cycles. The resulting amplitudes and phases, obtained as for Model 1, are 
shown in Figures 11 a,b and 12 a,b. The simulation was now in satisfactory 
agreement with practically all the observed values and it was concluded that 
the M, wave in all likelihood does enter the area from the north-west. Better 
agreement between the simulated and observed amplitudes could very probably 
have been obtained by rerunning with a driving amplitude somewhat greater 
than 6 cm, but this was not done on account of computational cost. 


Simulation of S,, the next largest semi-diurnal constituent, was 
performed in the same way as for M,; some of the results are shown in 


Figures 13 and 14. Essentially, the cotidal charts for M, and So are very 


similar and the following comments apply as much to So as to M,- 

Comparison of Figures 9 and 10 with Figures 1lb and 12b respectively 
Shows that the simulated semi-diurnal tide in the Canadian sector is relatively 
insensitive to the choice of driving conditions applied at the western end of 
the model domain; this encourages placing of some confidence in the results 
shown in Figures 1lb and 12b at least. The outstanding feature of these is 
the near-degenerate amphidromic point off Cape Kellett on Banks Island. Its 
discovery led to the installation in the summer of 1976 of the shore-based 
tide gauges at Rabbit Island and Masik River (Figure 2), the data from which 
confirmed the general correctness of the simulation in the Canadian sector. 


In view of the rather arbitrary placement of the periodic boundary 
in Model 2, no reliance should really be placed on simulated amplitudes and 
phases in Figures lla and 12a. The simulated tides in Prince of Wales Strait 
and Dolphin and Union Strait (Figs. 1lb, 12b) are also probably unrealistic, 
as a radiating condition was simply assumed at the boundaries there. 


2.3 Semi-diurnal Current 


Figure 15 presents for comparison the M, constituent of the observed 
currents together with simulated M, currents at fhe same sites from Model 2. 
It is clear that while there is partial agreement as to the orientation of 
current ellipses, the observed currents are far smaller than the simulation 
leads one to expect. It must be noted that the observed currents were 
generally close to or below the operating threshold of the meters for an 


appreciable fraction of the time and that the current data are inherently 
somewhat unreliable. The meters were approximately 4 m above sea bottom, 
which should preclude boundary layer effects as the cause of the discrepancies. 
Unfortunately, no near-surface meters were recovered, so that the assumption 
of barotrophy is unconfirmed. 


2.3.1 Progress of Current in Model 2 


The contoured presentation in Figure 16 of the M, current phase from 
Model 2 shows a generally eastward progression of time of maximum flow, thus 
favouring the alternative interpretation of Figure 6 discussed in 81.3.1. The 
time zone, (z+6), used in Figure 16 is the same as that of Figure 6. 


There are difficulties in contouring current phase which deserve some 
discussion. Figure 1/7 shows current ellipses from a small rectangular area 
indicated in Figure 16. The arrow shown with each ellipse indicates the 
position of the current vector at the instant of maximum surface elevation. 
For convenience individual ellipses in Figure 17 will be designated (i, j) 
according to their row number, i, and column number, j in the figure. The 
Greenwich phases shown in large numbers are the conventional values from the 
current analysis program, which always selects the north-pointing major semi- 
axis as reference axis. Considering ellipses (4, 5) and (5, 5), it can be 
seen that despite the obvious continuity in the nature of the current, an 
artificial jump occurs in this Greenwich phase due to difference in inclination 
of the ellipses (OA indicates the reference major semi-axis in each case). A 
Similar effect is obvious on comparing ellipses (3, 4) and (4, 4) or (3, 3) 
and 4, 3). This difficulty can apparently be avoided by relaxing the require- 
ment that the northern major semi-axis should always be used as reference 
axis. Thus if the southern major semi-axis is chosen instead for ellipses 
, 5) ‘and 6; 5), (4, 4) 20, 40) andiv6 re). end (4, 3% 165 Ba) “and (6M 3) 
the resulting modified Greenwich phase, shown, where relevant, in small 
numbers, varies smoothly over the last three columns of ellipses*. Unfortun- 
ately, other -difficulties remain. 


Consider’ two “paths*from (1, (5) “tom(6y"1) jain one cacemr aa (in Ytene 


in the second via (6, 5). On the first path, visual examination of the 
€llipses indicates that the northern major semi-axis is the appropriate 
reference axis throughout, the phases shown in large numbers apply, and it 
appears that the correct Greenwich phase angle for ellipse (6, 1) must be 196°. 
However, on taking the second path and making the switch from northern to 
southern major semi-axis between (4, 5) and (5, 5) as mentioned above, 
Continuity along the remainder of the path is maintained by using the phases 
shown in small numbers, leading to the conflicting conclusion that the 
Greenwich phase angle for (6, 1) should be 16°. 


* A 180° change in reference axis inclination produces a 180° change in 
Greenwich phase (see Appendix 1). 


Another difficulty is evident when ellipses (3, 2), (4, 2) and (5, 2) 
are examined. At some point intermediate between (4, 2) and (5, 2), the 
current ellipse degenerates to a circle and there is a consequent interchange 
in roles of the semi-axes, from major to minor and vice-versa. This results 
in a 90° change in reference axis and a corresponding jump of 90° in the 
Greenwich phase. 


While the difficulty of 180° discontinuities in Greenwich phase can 
be removed to some extent by ignoring the direction of the current and 
considering only its magnitude, the second type of discontinuity (90° in phase) 
seems to be unavoidable. 


It is proper to consider whether the discontinuities just described 
do not occur in nature but are simply a feature of the model, the result of 
imperfect simulation. As a check on the physical consistency of the model 
results, it was decided to examine another quantity, the mean energy flux, 
since any violation of conservation of energy would indicate some defect. 


2.4 Mean Energy Flux 


The mean energy flux, a vector quantity defined in Appendix 2, was 
calculated from the output of Model 2 for the M, constituent. The results 
for the eastern portion of the model domain are’ shown in Figure 18. The 
northern portion shows that in the deeper water there is net transmission 
of energy in the direction of propagation of the wave, as would be the case 
with a Kelvin wave for instance. On the shallow Herschel-Bathurst shelf, 
energy flow is directed particularly towards very shallow regions where it is 
effectively dissipated. 


In Appendix 2 it is shown that the direction of the mean energy flux 
vector coincides with that of the current at the instant of maximum surface 
elevation. Since the latter vector is shown at each grid-point in Figure 1/7, 
a detailed picture is already available of the directional variation of mean 
energy flux in a region where characteristic parameters of the current are 
known to exhibit marked spatial variation. 


The smooth spatial variation of mean energy flux in Figures 17 and 18 
certainly encourages the conclusion that no anomalous effects have been 
introduced by the modelling procedure. Judging from the results presented here, 
examination of the mean energy flux may cast a more useful light on tidal 
behaviour than preparation of cotidal charts of more erratically-varying 
quantities such as Greenwich phase of the current or time of maximum flow. 
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Appendix it Representation of Tidal Currents 


A succinct description of the method of current analysis most widely 
used in Canada is to be found in Godin [1972, 1976]. The following account is 
based on brief unpublished notes by J. Taylor on Godin's method and the assoc- 
iated computer program. 


In analysing tidal heights, it is sometimes convenient to associate 
with each tidal constituent a 'fictitious star' whose longitude is taken as 
equal to the argument of the constituent in question. Then a given constituent 
in the equilibrium tide at any place is at a maximum when the corresponding 
fictitious star is overhead. The phase angle between the local transit of the 
star and the actual occurrence of a maximum in the constituent under consider- 
ation is known as the local ‘epoch’ of the constituent. The transit of the 
fictitious star cannot be observed, of course, and must be calculated. Since 
the arguments of tidal potential constituent, i.e. the longitudes of the resp- 
ective fictitious stars, used to be readily available only in tabulated form 
relative to Greenwich, it became customary to state the phase delay of each 
constituent as a 'Greenwich phase', a more artificial but, in some respects, 
more convenient concept than the epoch. The Greenwich phase (delay) of a 
tidal constituent is obtained by converting the record to G.M.T. and then 
analyzing it as though it pertains to the longitude of Greenwich.* The phase 
lag of each constituent, measured in constituent degrees (360° equalling one 
cycle of the constituent) is calculated relative to some time datum, normally 
the central point of the record. The longitude relative to Greenwich of the 
corresponding fictitious star at the central time is then found and the sum of 
this and the phase lag calculated from the record is the Greenwich phase of 
the constituent at the location where the record was taken. 


In the case of tidal currents, the choice of reference vector from 
which to measure the phase lag of each constituent is less obvious. The 
current analysis method described by Godin [1972, 1976] employs concepts based 
on those familiar from tidal height analysis; phase lags are expressed relative 
to the time at which certain fictitious stars pass a given point on the current 
ellipse of the constituent in question. As a first step, the observed current 
vector is resolved from its initial representation as two rectangular compon- 
ents (normally northerly and easterly) into constituents consisting of pairs 
of counterclockwise - and clockwise-rotating vectors: 


= ve - 4 r2%o,t = sania, t 
V,. Ct) V(t) +Vy (t) Aye k + Ave k (A121) 


The amplitudes At and AT associated with the component vectors of 
the k constituent are in general complex; angles are measured counterclock- 
wise from the W-E axis; the datum for time t is taken at the central point of 
the record. Whereas the angular speed of each constituent vector V, varies as 
it traces out its ellipse, the component vectors vt and V, rotate at constant 
constituent speed o,, making it possible to define steady phase angles. 


*Some writers omit the conversion to GMI, yet retain the term ‘Greenwich phase’. 
In that case the relevant time zone must be stated and conversion to the same 
time zone is necessary before phases from different locations can be compared. 
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The choice of W-E and S-N axis or any other rectangular coordinate 
system for the original current measurements is quite arbitrary, and if angles 
are measured with respect to such axes there is a corresponding arbitrariness 
in the phases of vt and Vi. One aim of Godin's analysis is to obtain invar- 
iant phases for vi and Vj; by referring angular measurements to a major semi- 
axis of the constituent ellipse. Since the orientation of each ellipse is 
unknown prior to the analysis, the calculation of phase proceeds in two stages. 


Dropping the constituent-numbering suffix k, the expression (Al.1) 
for any given constituent can be rewritten as 


hey A a ae 
V(t) = vt(E) 4 vr(t) = ate eth tet a er 2Ttoe ah) 


where aie a re and € are real and ane ave 0. The meaning of these con- 
stants is clear from Figures Al.1(i) and Al.1(ii). (Note that if at > a-, the 
current vector V rotates counterclockwise, otherwise it rotates clockwise.) 
at, are et and e~ are all computed directly in the first stage of the analysis 
of the W-E, S-N current components. The counterclockwise - and clockwise- 
rotating vectors Vt and V7 coincide on the major axis of the ellipse; consequ- 
ently, if 0 is the inclination of the ellipse to the W-E axis, then et - 6 = 
O'S"E24 and 


Qe ay +e” (A1l.3) 
2 


In order to define phases relative to the tidal potential, fictit- 
ious stars, St and S- (Fig. Al.1(iii)), may be considered rotating at the same 
speed and in the same direction as the respective vectors vt and V-. The 
angular location L of each star is calculated at the central time (t = 0) and 
since tidal constituent arguments relative to Greenwich are available, it is 
convenient to take L relative to Greenwich.* In consequence, the constant 
phase angles gt and g~ by which St and S~ lead (or lag) the respective vectors 
vt and V7 may be termed 'Greenwich phases' and can readily be evaluated as 
follows: 

gt sqinnge 
(A1.4) 
OS Le S 


Insofar as any physical picture can be attached to the fictitious 
stars in this case, they can be visualized as circling the periphery of a 
"celestial disk' tangential to the earth at the measurement site, each 'gener- 
ating' a respective current vector V* or V~ which follows it round in the same 
plane, lagging by gt or g respectively. 


To obtain a representation of the current independent of the initial 
choice of rectangular coordinates, Godin employs the construction in Figure 
Al.1(iv), in which the major semi-axis OA of the constituent ellipse is used 
as the reference axis; in particular, the fictitious stars, Y+ and 27, are now 
visualized as being at angular distance L from OA. An advantage of this 


*The angle L is generally designated 'V + u" in the tidal literature. 
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approach is that the phase of both rotating vectors relative to their res- 
pective stars can now be expressed by a single (Greenwich) phase angle g. As 
can be seen from Figure Al.1l(iv), 


2g +e7 -e7- = 2L (A135) 


and since L has the same magnitude in Figures Al.1(iii) and Al.1(iv), it 
follows from (Al.4) and (Al.5) that g is expressible in terms of known quant- 
ities gt and g” as 


g = gt cone (Al .6) 


g, which is normally measured in constituent degrees (as are gt and g”), is 
the interval by which the instant of maximum current (when Vt and V~ coincide 
along OA) lags the simultaneous transits of the fictitious stars at OA. 


Unfortunately, the factor 2 in the denominators of (Al.3) and (Al1.6) 
can introduce an ambiguity of 180° into the values computed for 9 and g, since 
any of the anglese*t, e~, gt or g™ can be altered by 360° without changing the 
representation of the original current. In the computer program in use at 
present, ambiguity is avoided by imposing the condition 


0 < g- - et < 360° (A1.7) 


prior to computation of g with (Al.6). The fact that this eliminates ambig- 
uities in 6 and g and also implies that the northern major semi-axis of the 
constituent is always to be used as reference axis is clear only if the prob- 
lem of reference semi-axis is considered from the outset. 


Figure Al.2 shows the two basically different configurations which 
can occur. Assuming that, initially, 0 < et, e7 < 360°, it can be seen that 


the angular position, 9, of the northern major semi-axis is given by 


QO set + omdfevuw err 360° (Fie. Ale2G)) 
, 
nag Guu Gate Hy Soe trekSO if c tbe > &360° (Fig. Al.2(ii)) 
2 


Both cases can be condensed into the single formula 
6 =e* +€7 mod(180°) (A1.8) * 
2 


* The notation > mod (N°) indicates that a suitable integer multiple of N is 
added to or subtracted from > to bring it into the range 0 < $<N°. 
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Figures Al.3 and Al.4 show separately the angular relationships for 
the two rotating vectors V+ and V~ in cases (i) and (ii) respectively of Figure 
Al.2. Allowing for the fact that larger values of L may occur than are shown 
in these figures, all possible cases can be summarized in the formulas 


g = gt + 68 mod(360°) 
(A1l.9) 


g=g - 0 mod(360°) 


For the same reason, (Al.4) should in general be written 


ef =L-et mod(360°) 
(A124)? 
g = L Or mod (360°) 


Of course, if gt and g are not required, (Al.4)' and (Al.9) can be combined 
to give 


g=L-et +6 mod(360°) 
(A1.10) 


g=L+e- - 06 mod(360°) 
Using 9 as defined in (Al.8), the possibility of ambiguity in g does not 
arise. 


From (Al.9) it follows that 20 = g™ - a mod (360 ), which,) in 
view of (Al.8), shows that condition (Al.7) used in the computer program 
implies choice of the northern major semi-axis as reference axis. Condition 
(Al.7) also ensures that (Al.6), when interpreted in the sense g = (gt+e7) 
mod (360°), gives unambiguous values for g identical to those from (A1.10); 


The appearance of 6 in (Al.10) indicates that if the southern major 
semi-axis OB should be chosen as reference axis for some reason, the consequ- 
ent change of 180° in 0 produces a similar change in g. As Godin notes [1976 
p- 5], this is only a change in representatton of the constituent ellipse; the 
ellipse itself is not affected. 


From Figures Al.3 and Al.4, it can readily be deduced that maximum 
current (in the sense that Vt and V~ coincide on OA) occurs at times 


t = gal +)n.360° , \n = 8. .,-1)0,1) 4 (A211) 
Oo 


relative to the central time of the record. 
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Appendix 23. Energy Flux 


In essentially one-dimensional systems such as rivers or narrow 
inlets, a tidal constitutent may occur as a standing wave in which the sur- 
face elevation and current phase differ by 90°, as a travelling wave in which 
height and current have equal or opposite phase, or as a mixture of these two 
types. A standing wave normally occurs when an incident travelling wave is 
reflected, e.g. by a coast. The energy-transmitting capabilities of standing 
and travelling waves are radically different; the mean energy flux (energy 
flow averaged over the cycle) is zero for a standing wave, whereas a travell- 
ing wave transports energy. In this appendix, the applicability of the con- 
cepts of standing and travelling waves and mean energy flux are discussed in 
the context of vertically-integrated models. 


Phillips (1966) shows that the instantaneous energy flux per unit 
volume is 


F = ulP + kpu* + pgs) 


where u is velocity, u its magnitude, p is pressure and ¢ is height, which in 
the present case will be measured upwards from mean water level. Implicit in 
the derivation of the governing equations [Henry and Heaps, 1976] is the 
assumption of hydrostatic pressure, i.e. p =0g(N - ©), where n is surface 
elevation. Consequently the sum of the pressure and potential energy density 
contributions to Y i.e. pg(m - 2) + ogt = ogn, is uniform throughout the 
water column. Since it can be assumed that velocity is uniform with depth 
and that the vertical component of velocity is negligible, the vertically 
integrated energy flux is 


F = (hin) f= (nino [4s (u2+v")+en]u,p [35a 2+v?)+2n] | 


Except in very shallow water it is usually adequate to use the 
first-order approximation 


ioe t {oshnu,o gnnv} 


The mean energy flux is the average of F over one cycle and will 
be written 


re = {osha psinv} (A22T) 
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Quite clearly if some other pair of rectangular coordinates x',y' are chosen 
in the horizontal plane and the current is resolved into components p and q 
in the x',y' directions respectively, then the mean energy flux has components 


Eas {oshtp.oshnal| (A2.2) 


in the new coordinate system. 


When evaluating the mean energy flux associated with a single 
tidal constituent, it is most convenient to consider axes x',y' aligned 
respectively with the reference major semi-axis OA of the current ellipse and 
the axis 90° counterclockwise from OA. Then since at any time the angle 
through which Vt and V- have rotated since last passing the reference axis is 
L-g mod (360°) (in the notation of Appendix 1), the surface elevation and 
current components can be written as 


n= n,cos (L-8n) 
p = (at + a~)cos(L-g) (A2.3) 
q = (at - a~)sin(L-g) 


where nN, is the amplitude and g_ the Greenwich phase of the surface elevation. 
Substituting (A273) anto (A2.4) "gives mean energy flux 


Fe te {oghn, (at is a~)cos(g-g) oghn, (at ~ a-)sin(g,-8)} (A2.4) 
2 2 


Xx >Y 


It is worth noting that the direction of the mean energy flux vector is 
coincident with the direction of the current vector V at the instant of 
maximum surface elevation. This follows from the fact that n is a maximum 
when L = g, > hence, at maximum elevation, 


tl 


p (at + a~)cos(g.-g) (A225) 


q = (a7 - a~)sin(g_-g) 


from (A2.3). On comparison of (A2.5) with (A2.4), it can be seen that the 
resultant current V is then aligned with F. 


From equations (A2.4) it is clear that standing wave behaviour, in 
the sense of there being zero mean energy flux, is uncommon in 2-dimensional 
tidal systems and occurs only if the flow is locally one-dimensional (i.e. 
at = a~ and the current ellipse degenerates to a straight line) and elevation 
and current are 90° out of phase (g,, = g+90°), 
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ABSTRACT 


A static mooring model is developed for use in the design and 
analysis of moored instrument arrays. The model incorporates the steady two- 
dimensional hydrodynamic forces exerted by a space-varying velocity field 
on a surface or subsurface buoy and on a flexible, extensible cable and 
instruments supported beneath the buoy. Suitable equations for the normal 
and longitudinal components of cable drag are provided from an examination of 
existing data. The model behaviour is verified using an analytical solution 
for a free-streaming cable. An example is given of the model applied to a 
mooring which consists of a toroidal surface float, an extensible synthetic 
plastic cable, five instrument packages and a heavy chain anchor. 
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Introduction 


The Coastal Zone Oceanography Group at the Institute of Ocean 
Sciences, Patricia Bay, makes widespread use of moored instrument arrays for 
the measurement of seawater properties. The moorings are usually single-point 
taut-line types, supported by either a surface or a subsurface buoy, with a 
length of heavy chain or a clump of railway wheels and a Danforth anchor at 
the lower end. The moorings are normally made in fairly protected waters, 
so the response to wave action is not often a problem. However, questions 
have arisen from time to time concerning the actual depths of the instruments. 
For subsurface buoys, drag forces on the whole system can result in a 
considerable reduction in the elevation above bottom of any point in the 
system. For surface buoys, where synthetic lines are normally used, the 
stretch of the line can cause uncertainties in instrument positions. The 
elevations could be determined, after the fact, by using depth sensors, but 
it was desirable to have some means of estimating the instrument positions, 
for a given set of conditions, before deploying an array. Thus a theoretical 
investigation of the static behaviour of taut-line moorings was indicated. 


A survey of available literature (e.g. McCormick, 1973; Schram, 
1968) indicated there were some existing mooring models, most of them not as 
comprehensive as one might desire, and none of them completely suitable for 
our needs. Therefore, we decided to develop a mooring system model 
specifically oriented to the requirements of the group. It would incorporate 
such details as a varying velocity profile, elastic cable, varying cable 
types, surface or subsurface buoy, attached instruments and slack or taut line 
into one computer program. A two-dimensional model was deemed sufficient for 
our purposes. The information available from such a model includes: 


- the length to which an elastic line should be cut for a taut-line 
surface mooring in a given water depth; 


- the attachment points along the unstretched cable for instruments 
to end up at the required depths; 


- the differences in a taut-line surface mooring configuration 
for low and high tide situations; 


- the required buoyancy to attain or maintain a particular 
depth with a subsurface buoy; 


- the tension in the mooring line; 
- the required minimum anchor weight; 
- the horizontal excursion of the mooring; 


- the excursions through depth of instruments suspended below a 
subsurface buoy for various velocity profiles; 


- the line angle at any point along its length. 


The mooring model development is outlined in the following sections. 
The engineering system of units (ft-lb-sec) is used throughout the model, 
in preference to the metric system, because of the present utility of the 
engineering force unit in connection with the purchase and use of cables, 
buoys and anchors. 


Theoretical Analysis of a Buoy-Cable System 
A. The Buoy 


Several types of buoys, having various shapes, are used in moorings. 
The toroidal buoy has been the most commonly used type for surface floats. It 
Supports a tripod superstructure for increased visibility. The small amount 
of wind drag on the superstructure, and on the exposed portion of the buoy, 
will be ignored here, as will the effect of buoy tilt due to waves. Sub- 
Surface moorings are usually effected with spherical buoys, or with cylindri- 
cal buoys having a horizontal axis. The latter include tail fins to provide 
Stability. If such a buoy develops a large degree of tilt, then an analysis 
of the forces involved can become very complicated. For example, the 
separate lift and drag forces of the main body and the fins , together with 
their moments about the centre of gravity (CG), must be considered. The 
lift and drag coefficients, and their points of action, will be functions 
of the angle of tilt. The buoyancy, weight and tensile forces will be 
unlikely to act through the same point, creating additional moments to 
complicate the problem. For such a case, the obvious solution is to redesign 
the buoy for adequate longitudinal stability at small tilt angles. 
Principally, this requires tail fins of sufficient size to respond to small 
disturbances, suitably placed to avoid a loss of efficiency if separation of 
flow occurs over any portion of the buoy. Surface or subsurface buoys which 
are symmetrical about a vertical axis present no problems due to tilt, 
provided that the lift and drag coefficients do not change by any substantial 
amount over the range of tilt angles. There will be moments involved if the 
tensile force in the cable doesn't act along the axis (unless the cable is 
attached at the CG position), and if the centre of buoyancy (CB) doesn't 
correspond approximately with the CG. The simplest case will be considered 
here, the basic assumptions being: 


1. The line of action of the cable tension is through the CG of 
the buoy. 


2. The point of cable attachment is at the lower surface of the 
buoy. 


3. There is no change in drag coefficient with a change in buoy 
aspect. 


4. There is no fluid dynamic lift force. 
5. There is no wind drag. 


6. The water drag is proportional to the greatest immersed cross- 
sectional area in a vertical plane normal to the flow direction. 


7. There is no buoy tilt insofar as buoyancy and drag calculations 
are concerned. 


The justification for the simplifications made in these assumptions 
is that the buoy drag will seldom be as important as cable drag in determining 
the system configuration, and that small tilt angles will not much affect the 


buoyant force. Appendix A contains the immersed area and volume calculations 
for several buoy types. 


A free-body diagram of a. simple buoy is shown in Figure 1. A 
summation of forces in static equilibrium gives: 


B - W - Tpsin op = 0 (1) 


D - Tacos pg = 0 (2) 


Here, B is the buoyancy force, obtained from the immersed volume. W is the 
weight force, Tgp is the cable tension and $p is the cable angle. The drag 
force, D, is represented by: 


D = Cy 5 AVIV (3) 


where Cy is the drag coefficient for the shape under consideration, po is the 
fluid density, A is the immersed area (Appendix A) and V is the fluid 
velocity. Solving equations (1) and (2) simultaneously, one obtains: 


pa (B-W)2 + D2 (4) 
op = tan? ee (5) 


Tp and op form the boundary conditions at the upper end of the cable. 


B. The Cable 


Cables used for mooring are of two principal types - synthetic 
(plastic) rope and wire rope. Occasionally, a section of chain may be 
included. Cables are probably the most difficult part of the system to 
analyze accurately since some of their characteristics are i11-defined. 
Further paragraphs of this section will examine the problem in more detail. 
For the present, it is sufficient to assume the following: 


1. The cable is flexible and extensible. 

2. The cable diameter is not significantly reduced when stretching 
occurs, i.e., the radial strain is neglected for the purpose 
of calculating the drag cross-sectional area. 


3. The drag on the cable can be separated into normal and 


BUOY FREE-BODY DIAGRAM 


Figure 1] 


longitudinal components. 


4. There are no side forces on the cable and no vortices are shed 
in the wake (thus, there is no possibility of "strumming"). 


5. The cable lies in a vertical plane and the flow is coplanar 
with the cable. 


A free-body diagram of a cable segment is shown in Figure 2. The 
unstretched case is illustrated for simplicity. The independent variable is 
taken to be the length S along the cable. The dependent variables are then 
the cable angle ¢ and tension T, and the x and z coordinates for any point on 
the cable. An elemental length of the cable is represented by AS. The 
weight force and buoyant force of the cable are, respectively, w and b pounds 
per unit length. The drag force Dc is also in pounds per unit length and is 
shown resolved into normal and longitudinal components, Fy and F, , 
respectively. The appropriate form for these components, especially F,, is 
open to some conjecture and will be considered in detail in the next section. 


Resolving all of the forces into components, and summing in the 
normal and longitudinal directions, respectively, one obtains: 


2T sin “P= {Fy + (w-b) cos 9}aS (6) 
AT cos “$= {- FL + (w-b) sin 9}aS (7) 


Taking these equations to the infinitesimal limit, and neglecting second order 
quantities, gives: 


& - + {Fy + (w-b) cos 9} (8) 
oe -F) + (w-b) sin 9 (9) 


In addition, there are two parametric equations (directional derivatives) 
describing the cable shape, namely: 


& = cos > (10) 
% = Sin ¢ (11) 


The preceding four equations are all that are necessary to describe 
an inextensible cable. They can be solved simultaneously, obtaining the 
boundary conditions from the buoy equations and from a condition on the water 


b-AS 


Tee 
Taree 
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Figure 2 


depth, to provide the configuration of the cable and the tension in the cable. 
However, if the cable is extensible, with an elongation per unit length 
represented by e, an additional relationship is required to relate this 
strain to the tension in the cable. For materials obeying Hooke's law: 


Ni thas 
e= = (12) 


=| 


where E is the static modulus of elasticity, A is the load-bearing cross- 
sectional area, L is the unstretched length of cable and AL is the actual 
elongation. The strain of non-Hookeian (non-linear) materials is best 
approximated by fitting a power curve to empirical data, if such is available. 
The information regarding elongation of a particular material is often 
provided by the manufacturer in the form of a graph or table giving strain 

vs. the ratio of cable tension T to ultimate strength Tmay, both in percen- 
tages. In this case, one can obtain the strain in the form: 


aa (13) 


max 


awd qT 


where a, b, c are constants to be determined from the graph. Only the portion 
of the graph covering the normal working range of the material should be 
considered. The considerations above assume that pre-stretched cable is used, 
so that any elongation resulting from mechanical deformation (readjustment of 
strand positions) is not included. 


Synthetic plastic cables are non-linear in their elastic behaviour, 
but the situation is complicated further by their plastic behaviour. This is 
especially so when a history factor is involved, that is, the stress-strain 
relationship depends somewhat on the previous loads experienced by the cable, 
and may be affected by the number of wet/dry cycles undergone. Also, some 
materials creep under load, even after pre-stretching has settled the strands 
along the core. Some materials (e.g., nylon) absorb water and swell. This 
can result in a contraction of cable length, because the expansion in the 
plane of the cross-section forces individual strands into a longer helical 
path about the core. Little of an exact nature is known about these effects 
and they are not dealt with here since their influence on the static behaviour 
of the mooring is normally small. 


The total strained length of cable is (1 + €) times the original 
unstretched length. From Equation 13, we obtain the form used in the present 
model: 


TSE dy ay Fa O74 (14) 


where a), @,, a> are constants to be determined, as before. For an 
inextensible cable: ay = 1, a; = 0, a» = 0. For a cable obeying Hooke's Law: 
ay = 1, ay = 4/(nd2 E), a> = 0, where E is Young's modulus for the cable 
itself (not the modulus for the cable material because of the difficulty in 


determining the exact cross-section area). For synthetic cables: 

ayo = 1 + (a/100), a, = b/Tmax, a2 = 100 c/Tmax» where Tmax is the ultimate 
stress for the cable. Rewriting equations 8 through 11 in terms of a 
strained element gives: 


ci : r {(1t+e)Fy + (w-b) cos 4} (15) 
Se = - (Ite)FL + (w-b) sin (16) 
dx = (1+e) anh 
as = er) GOS: > 
qZ = (1te) si (18) 
Alene €) SIN 


Here, the implication is that the weight of one foot of stretched cable is 
w/(1t+e) so there is no change in total weight. Further, the buoyancy per 
foot of stretched cable happens also to be taken as b/(lte), so that some 
compensation for the effect of radial strain on the displaced water volume is 
included, although not in the correct formal manner. Any error in this term 
is small compared to the other forces involved, so it was not considered 
necessary to formalize it. As mentioned previously, the effect of radial 
Strain on the drag force term is neglected, again because of its relative 
insignificance. 


C. Cable Drag 


A suitable representation of the cable drag forces is a very 
important consideration for any mooring model, the more so when high current 
speeds are involved since the drag is proportional to the square of the 
velocity. For the most part, the literature is not too helpful in this 
matter. Usually, as is done here, the forces involved are resolved into 
components normal to the cable axis and components along the cable. The form 
of the normal component of drag is almost standardized, although there is 
a considerable range in the actual drag coefficient values used. Many 
different forms have been proposed for the longitudinal component (Casarella 
& Parsons, 1970), but it is often ignored completely since it is usually 
small compared to the normal component. However, this is not necessarily the 
case when the cable angle becomes large for some reason, such as high water 
velocities or inadequate buoyancy on a subsurface mooring. Relative magnitudes 
will be examined below. A problem that confronts one in attempting to 
determine the most suitable form for drag force components is that very few 
measurements of force as a function of cable inclination to the flow have 
been reported and some of these do not appear to be reliable, especially 
where longitudinal drag is concerned. This latter quantity is a difficult 
One to measure accurately because of its relative magnitude and the fact that 


ijt is usually the result of the subtraction of two large quantities, the 

drag of the supporting structure being included in the measurement. The 
preferred data set, in my view, is that due to Relf and Powell, made in 

1917! Their longitudinal drag curve for a smooth wire is a good fit to a 
theoretically-derived form, as will be shown, with the lack of scatter in 

the data points being an indication of reasonable accuracy in the measure- 
ments. This gives one some confidence in their subsequent drag determinations 
for wire ropes. The Relf and Powell data is used below to estimate normal 

and longitudinal drag coefficients for cables inclined to the flow. 


According to the "crossflow" or "independence" principle which 
states, in effect, that the nature of the boundary layer depends only on the 
normal velocity component (Hoerner, 1958; Schlichting, 1960), the pressure 
force and the normal friction force will also depend only on that component. 
This holds true while laminar (sub-critical) flow prevails but does not 
necessarily apply to turbulent boundary layers. Thus, in sub-critical 
Reynolds number flow, the total drag force normal to the cable axis can be 
expressed as a function of V sin ¢, where V is the free-stream velocity and 
¢ is the cable inclination referenced to a horizontal plane (Fig. 2). 
Typical mooring systems will almost always operate in the sub-critical flow 
regime. We can define the normal drag force component, per unit length of 
cable, as: 


Fy = Con 3 d u2 (19) 


where u = V sin o and d is the cable diameter. Cpy is based on frontal area 
and includes the effects of both pressure and skin friction, i.e. 


Coy = Cp + Cry (20) 


Over the Reynolds number range of interest, say 102<R<10°, Cp is usually 
considered approximately constant. It is much larger than Cry except at the 
low end of the range. The logical definition for Reynolds number here makes 
use of the normal velocity component as the characteristic velocity, since it 
is the key to the changing state of the boundary layer, as suggested by the 
independence principle. Thus, 


_ dv sin 9 


, ; = R sin 9 (21) 


where v is the kinematic viscosity and R is the Reynolds number at 6 = 90°. 
Since it is R which is generally reported in the literature, its use in 
various expressions will be retained here, but in conjunction with sin 9. 

The value of R, may become small at large cable angles, even though the free 
stream velocity is high, with the result that the friction component of the 
normal drag force may assume some relative importance. Therefore, Cry should 
probably not be excluded from consideration. 


Goldstein (1938) presents some drag data, which he attributes to 
Relf and Thom, for a smooth cylinder normal to the flow. This is shown in 
Fig. 3. The total drag curve is by Relf; the rest of the results are due 
to Thom, who derived a numerical solution for skin friction and found that 
a good fit to the points provided by this solution was given by: 


4 
3 
RY 


Cry = (22) 


for ¢ = 90°. With the inclusion of the Reynolds number in the appropriate 
form, the effect of cable angle is accounted for, i.e. 


Cen = 4 (23) 
(R sin 9) 


rn 


This equation should hold so long as the flow is laminar, at least. Thus, it 
may not apply to rough cylinders such as wire rope. An examination of the 
pressure drag curve in Fig. 3 suggests that, rather than taking it as 
constant, a power law fit might be worthwhile. In any case, the normal force 
has the form: 


Fy 
9) D 
Sd V 


Con sind 


Ney + SI ein? (24) 
P R sin ¢ 6 


where Cp is determined at the angle ¢ = 90° and R = “ 


The previously mentioned Relf and Powell (R&P) data were obtained 
uSing a smooth wire and several different wire ropes. The data were taken 
near R = 10+, so that the friction drag is only a small fraction of the 
pressure drag. Even at an extreme angle of ¢ = 10°, the boundary layer 
Reynolds number Ry is about 10°. Then the friction drag is about 1/10 of the 
pressure drag, so it is probably hidden within the measurement error of the 
small forces involved. The normal drag coefficient values, derived from 
R&P normal force measurements, are plotted in Fig. 4. The measurements on 
the different cable types were made at slightly different values of R, but 
the scatter in the data is more likely due to differences in cable construc- 
tion rather than to any R-dependence. The solid line in the figure is a 
sin*¢ curve, which is readily fitted to any of the data sets, including both 
the smooth wire and the wire ropes. 


The longitudinal, or along-cable, flow field is, in one sense, 
influenced by both flow components. This is a result of the fact that the 
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boundary layer thickness is determined by the normal velocity component. A 
boundary layer build-up in the direction of the cable is prevented because the 
normal velocity "blows" away any excess retarded fluid layer. (This theory 
obviously breaks down for the limiting case of pure longitudinal flow at 

¢ = 0°.) However, the longitudinal stress distribution within the boundary 
layer is determined only by the along-cable velocity. When the stress 
distribution is known it can be integrated over the cable to obtain the 
longitudinal drag force. The method for making this calculation has been 
suggested by Schlichting (1960) and carried out by Schram (1968) and Topham 
(1976) for the case of a smooth cylinder. A similar solution to the problem 
is arrived at through an analogy with the heat flow equation (Schlichting, 
1960; Taylor, 1952). The theoretical result is a function which depends on 
both the sine and cosine of the angle » (and not simply on cos2¢ in an 
analogous fashion to the normal drag force), namely: 


FL FL = aR” 2 cos $ sin’ (25) 


5 ndV2 


where a is a constant to be determined and Cry is based on surface area. 
There is no longitudinal pressure drag component because it is assumed that 
the cable is infinitely long. Note that, for convenience in subsequent 
manipulation, we may write: 


bs : 
Cry ay ries * cos o Sin ¢ 7 (26) 


The longitudinal drag coefficients derived from R&P data are shown 
in Fig. 5. The empirical result for the smooth wire shows good agreement with 
Equation 25. However, the wire rope data shows considerable variance from 
this function. This is probably a consequence of flow modification resulting 
from the spiral construction of the cable. Fitting a straight line to the 
wire rope data gives a curve of the form: 


ms ) 16 L ‘ 
CEL \ a rain * sin $ (27) 


where ¢ is in degrees. All of the data were obtained near R = 10, as 
previously mentioned. If this is beyond the flow transition point for the 
rough cables involved, then the boundary layer theory is inapplicable in any 
case. The relatively high normal drag coefficients (seen in Fig. 4) would 
seem to argue, though, that the flow is still sub-critical. Just where the 
transition region lies for such cable has not been determined, to my 
knowledge. 


Fig. 6 summarizes the foregoing equations and allows one to easily 
determine the relative magnitudes of the component forces at a given cable 
inclination and Reynolds number. It can be seen that there may be occasions 
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on which the skin frictional forces should not be ignored. However, the 
equations are derived or verified on the basis of very limited empirical 
results. A definite need exists for force measurements on various cable 
types inclined to the flow over a reasonable range of Reynolds numbers. For 
the present, however, we will be satisfied to use the results outlined in 
Equations 19 through 27 to simulate drag in our mooring model. 


D. The Instruments 


Instrument packages, attached to the cable, may be of various 
Shapes and sizes, and the method and points of attachment may vary. Here, 
as for the buoy, only the simplest case is considered, namely one in which 
all of the forces act through the CG and any effect of tilt is neglected. 
A free-body diagram is presented in Fig. 7. Wy is the package weight in air, 
Br is its buoyancy, Ad is the increment in cable angle due to the instrument 
and AT is the increment in cable tension. Package drag is given by: 


D, = C, 5 AVIV (28) 


where zt is the drag coefficient and A is the cross-sectional area presented 
to the flow. Resolving the forces in directions parallel to and normal to the 
cable and summing, one obtains, respectively: 


th + D, cos ¢$ - (W,-B,) Sin ¢ = (T-AT) cos Ag (29) 


D, Sin o + (W)-By) cos ¢ = (T-AT) sin Ad (30) 


Some of the instrument packages may be very buoyant or very heavy, so the 
simplifying assumption of small changes in angle cannot be made. Solving the 
equations simultaneously: 


Tee oe Rpaknne ymeoes (31) 
Sin Ad 


Ad = tanzd| Dr_sin ¢ + (Wy-By) cos 4 (32) 
T + Dl cos @ - (WI-B]) sin ¢ 


The boundary conditions (tension and angle) for these equations are obtained 
from the solution of the cable system on one side of the instrument. The 
equations, in turn, provide the boundary conditions for the next cable 
segment. 
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E. Method of Solution 


The equations for the complete buoy-cable system are first-order 
non-linear and form a boundary-value problem requiring boundary conditions 
at each end of the cable. The buoy boundary condition is satisfied by 
assuming an elevation for the buoy which, in turn, fixes the cross-sectional 
area and volume immersed. The anchor boundary condition is that the 
elevation of the anchor must coincide with that of the sea bottom, within 
acceptable limits. The governing equations are solved for the unknown 
quantities (¢, T, x, z) by a step-wise integration along the cable, 
beginning at the buoy end, to a point of discontinuity resulting from the 
concentrated loads caused by the presence of an instrument package. The 
effect of the forces on the package is added to the cable forces and the 
integration is continued in a similar fashion until the lower end of the 
cable is reached. If the anchor boundary condition is not satisfied within 
the specified error limits, then a new buoy position is chosen and the 
procedure is repeated. 


Computer Solution of the Buoy-Cable System 
A. The Buoy 


The buoy geometry is incorporated into a subroutine (Appendix C), 
so that the ability to cope with various types of buoys can be added to the 
program with no difficulty. The subroutine is entered with the buoy elevation 
and the water velocity at that elevation. The buoyancy and water drag 
forces are calculated and returned to the main program to provide the upper 
boundary condition on the cable. The limitations on these calculations have 
been mentioned in a previous section. The buoy elevation is taken to be at 
the bottom of the buoy, which is the point of attachment for the cable. 
Thus, for a surface buoy, the difference between the water surface elevation 
and the buoy elevation is the depth of immersion of the buoy. Three 
pertinent dimensions of a buoy can be specified in the data input. The 
vertical dimension of the buoy is of particular importance, since it is used 
in conjunction with the buoyancy to modify the position of the buoy during 
the iteration procedure. Surface or subsurface buoy types are specified by 
a flag in the main program, to permit some minor processing differences. 


B. The Velocity Profile 


Since the model is two-dimensional, the water motion is confined 
to a vertical plane. The flow is also assumed to have no vertical component. 
Any speed versus depth relationship which can be represented by a second 
order profile of the form: 


v =a + bz + cz? (33) 
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is permissible. Likewise, various profiles of this form can be pieced 
together in segments, as desired. The profile segments can be any convenient 
size and do not have to correspond to multiples of the cable segment length 
(discussed in a following section). Negative speeds are allowed. The only 
limitation is that strong discontinuities in the profile may make convergence 
to the correct solution more difficult. In the program, the velocity 

profile information is stored in an array, the first element in each row 
being the lower depth limit of applicability (measured from the sea-bed) of 
the particular segment whose coefficients (a,b,c) are given by the other 
elements of that row. Presently, storage is provided for five segments. 

A conditional branch on the depth is used in subsequent calculations to 
calculate the correct velocity for'a given depth. 


C. The Instruments 


The program permits all kinds of instrument packages to be 
inserted in the system. They should be positioned at multiples of the basic 
cable segment length, as used for integration along the cable (and discussed 
in the next section). If they are not so positioned, the program will round 
the position to a segment multiple. The instrument locations, in feet along 
the cable from the buoy, are read into the computer, converted into an 
integer number of cable segments and stored in an array capable of holding 
ten different values. Because of the conversion, the instrument locations 
are still correct when the cable is stretched. Before each integration is 
made, the program checks to see if there is an instrument at the upper end 
of the cable segment. If so, the velocity is determined and the instrument 
drag calculated. Then the resulting increments in cable tension and angle 
are combined with the preceding values of these variables. No separate 
Subroutine is provided for the instruments, as was the case for the buoy, 
so the buoyancy and drag cross-sectional area must be read in as data. Any 
Swivels, shackles or other fittings located near an instrument should have 
their weights accounted for by including them in the instrument weight. 


D. The Cable 


The integration along the cable is carried out over a series of 
cable segments which are of equal length when unstretched, this length being 
a sub-multiple of the total cable length. The choice of segment size depends 
on the problem parameters, such as the complexity of the velocity profile, 
the number and location of instrument packages, etc. The integration routine 
uses the Runge-Kutta method with error control. The user must code an 
external subroutine which specifies the functions required for an evaluation 
of the derivatives given in Equations 24 through 27. The integration routine 
also requires the specification of an error tolerance on the integral, a 
step size, and a value of the independent variable at the end-point of the 
integration. Double precision is used throughout to reduce the possibility 
of cumulative rounding errors. 


For an extensible cable and step-wise integration, the end point 
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must correspond to the strained length of each cable segment. This requires 
that the independent variable be stretched as well, i.e. Equations 24 
through 27 are divided through by the quantity (1 + e«), giving (1 + c)dS as 
the independent variable instead of dS. In the program, the strained unit 
length (1 + «) is represented by the function STRCH. The function is 
presently calculated on the basis of the tension at the upper end of a cable 
segment. For greater accuracy, this tension could include one-half of the 
tension increment for the previous segment. Generally speaking, however, 
the increment is usually no more than a few tenths of one percent of the 
tension, so this correction is ignored here. If required, the accuracy can 
be improved by reducing the segment length. Any necessity for this is 
easily checked by running the model for two different segment lengths. 


The boundary conditions for the first cable segment are provided 
by the buoy calculations, and for subsequent segments by the results of the 
integration over the preceding cable segment. The velocity used for 
calculating cable drag is that which occurs at the midpoint of the segment, 
the midpoint elevation being estimated on the basis of the cable angle for 
the preceding segment. An iteration on the cable angle would result ina 
Slightly more accurate midpoint location and, therefore, a slightly more 
accurate velocity (only when the velocity profile is not uniform). This was 
not deemed worthwhile since, for the calculation of drag, the midpoint 
velocity is assumed to apply over the whole segment in any case. Likewise, 
one could incorporate a varying velocity (when such is the case) throughout 
the integration over a cable segment, but at the expense of a considerable 
increase in program complexity. Again, if concern is felt about the outcome 
of the procedure as presently used, especially when the velocity is changing 
rapidly with depth, the program can be run with small segment lengths. Some 
trial runs in which the segment lengths were varied by factors of two or 
more, all other variables remaining unchanged, showed no variation in the 
results. Thus, the indication is that the simple procedure used to obtain 
the velocity for the drag determination is adequate. Also, while only an 
average velocity value is used in the drag calculation, the dependence of 
the drag on the actual cable angle is included throughout the integration 
along a cable segment since the angle is one of the dependent variables. 

At the conclusion of each call to the integration subroutine, the resulting 
cable angle is tested for a negative value. The program is terminated if 
such a value occurs, since it indicates either that the buoy has insufficient 
buoyancy or that the cable is much too long. Thus the model will only cope 
with a slack line mooring up to the point at which the slack is sufficient 

to result in a portion of the cable assuming a horizontal position. The 
length of cable involved, at this critical point, depends on the cable 
loading. 


The mooring line used in the model is not restricted to one size 
or one kind of material throughout its length. Presently, ten different 
cable types can be handled. Information on these, including the lower end 
position of each type in feet from the buoy, is read into an array. Then 
(as is done for the instruments), the end position is converted into an 
integer number of cable segments, the conversion permitting an easy check 
on type changes as well as allowing cable stretch without Causing any 
additional problems. The form of the longitudinal drag equation used with 
each type is optional, the choice being either that for smooth cable, for 
wire rope, or no axial drag at all. The selection is made by assigning an 
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appropriate logical flag in the input data. 


The program incorporates a provision for using a length of chain, 
rather than a dead-weight anchor, at the lower end of the cable in a taut- 
line surface mooring. The chain acts to reduce changes in cable tension 
resulting from changes in water surface elevation, i.e. changes in the buoyant 
force at the upper end of the cable. It does this by means of chain links 
being picked up or lowered to the bottom to permit small changes in buoy 
elevation. A flag in the program indicates when chain is present, in which 
case the integration is carried out beyond the end of the cable to the point 
where the vertical component of tension in the chain is just less than the 
weight of one increment of chain. The present chain drag routine arbitrarily 
incorporates a sine-squared dependence on the angle of inclination for the 
normal component and a cosine-squared dependence for the longitudinal 
component. The current speed occurring at the bottom end of the cable is 
assumed to apply for all of the chain links above the bottom. 


E. The Iteration Procedure 


The solution of the buoy-cable model is based on making an estimate 
of the buoy position with respect to the bottom and, proceeding from there, 
integrating along the cable to the anchor. If the anchor elevation doesn't 
coincide with the bottom elevation, within specified limits, the estimate of 
the buoy position is modified and another integration is performed. For the 
case where a length of chain replaces the anchor, it is the end of the last 
Suspended link which must coincide with the bottom. A simple additive 
modification of the buoy position is made for the first iteration, using the 
error in the anchor location. Subsequent iterations use a procedure somewhat 
akin to the Newton-Raphson method (Appendix C). 


A marked change in the velocity profile at the location of a 
Subsurface buoy can result in slow convergence, or even non-convergence, of 
an iteration procedure unless certain steps are taken. Even more difficult 
is the case of a surface buoy on a taut-line mooring using an elastic cable. 
Here, the buoyancy force and the cable strain combine to increase convergence 
problems. A very small change in buoy elevation can result in a very large 
change in the calculated. anchor position. To avoid these problems and assist 
in attaining reasonably rapid convergence, a fairly elaborate system of 
testing and revision is used. This begins in the buoy subroutine, but js 
contained mostly in the main program. Record is kept of anchor position 
errors obtained from revised buoy elevation estimates. The only corrections 
Subsequently permitted to the estimate are those which will result in the 
error at the anchor being smaller than the error obtained on any previous 
iteration. The correction term involving the ratio of differences in 
successive buoy position estimates and resultant anchor locations, multiplied 
by the most recent anchor location, usually provides a rapid initial 
convergence but becomes less effective as the final answer is approached. To 
offset this, an additional correction term is included which subtracts a 
further fraction of the most recently-obtained coordinate for the anchor 
location from the previous estimate of buoy elevation. 


The program halts when more than fifteen iterations are required. 
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If this happens, then a second run of the program, using a position estimate 
based on the results of the first run, will normally achieve the desired 
solution. In fact, subsurface moorings seldom take more than one iteration, 
and surface moorings may typically require several. 


F. Program Output 


The first portion of the program output lists information associated 
with the integration and iteration routines. In particular, the various 
estimates of buoy elevation and the resulting anchor position are given for 
each iteration. Following this there is a listing of all of the pertinent 
input and output data about the buoy-cable system and the velocity profile, 
including items such as instrument package drag and position coordinates. 


Next, a table of cable coordinates, tensions, slope angle and drag 
is printed. This contains the results of a solution of the system equations 
for each segment of the cable, the number of segments having been specified 
in the data input. The cable drag values given in this table are for unit 
cable length. The drag value listed in the j-th row applies to the segment 
whose lower-end coordinates are also listed in the j-th row. 


Verification of the Model 


A model user must have some assurance that the physics of the system 
being modelled are represented in a reliable fashion so that he may place 
confidence in the predicted results. If an analytical solution is available 
for the system, this provides the best possible check on the correctness of 
the model behaviour, confirming that any mathematical procedures involved in 
the model are being properly carried out. For the present case, a problem 
with an analytical solution can be formulated to verify that the system of 
four simultaneous differential equations describing the cable behaviour is 
being solved correctly by the computer program. The problem concerns a 
so-called free-streaming cable, i.e. a mooring line unencumbered by any 
attachments except at the anchor point and supported only by its own buoy- 
ancy. Under these circumstances, the cable will stream into a position where 
the normal forces are in balance, i.e. the normal drag force will be just 
equal to the normal component of the weight or buoyant force at every point 
along the cable. Thus, referring back to Equation 8: 


Fy + (w-b) cos ¢ = 0 (34) 
and: 


d 
TS = 0 (35) 


Since T is obviously non-zero, then the change in angle, , must be zero and 
the solution of Equation 35 is: 
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¢ = constant (36) 


Therefore, the cable streams in a straight line (if it is everywhere exposed 
to water having the same velocity and density). Equation 34 can be solved, 
by iteration if necessary, to obtain the exact value of the angle. It might 
also be mentioned that the cable angle at the fixed end of any moored system 
using buoyant line (or any surface-towed system with a 'weighty' line) will 
be asymtotic to the free-streaming angle, no matter what the configuration of 
floats or weights. Next, the tension along the line can be calculated from 
Equation 9, since all of the variables in the equation are now known. 


Four simulations of a free-streaming cable were carried out by 
applying the model to a 100-ft length of %-inch diameter buoyant cable 
subjected to four different flow velocities. A buoy having a nominal buoy- 
ancy of 1 1b was added to the system to circumvent some program logic that 
requires support at the upper end of a mooring cable. A segment length of 
2 ft was used. In each simulation, the free-streaming angle was achieved at 
a distance of several segment lengths from the buoy. For velocities ranging 
from 5 to 20 ft/sec, the angles ranged from 20 to 5 degrees above the 
horizontal, approximately. The agreement between the predicted angles and 
the angles calculated analytically reached to at least six Significant 
figures. The same degree of correspondence was found for predicted and 
calculated tensions. Therefore, the veracity of the program procedures seems 
unquestionable and there only remains the problem of supplying adequate input 
data to the program. 


The provision of suitable information to the mooring model is 
certainly the key to obtaining accurate predictions regarding the system 
configuration. In particular, a reasonable representation of the velocity 
profile is required because of the square law dependence of drag on flow 
speed. Even if a test mooring is deployed with the specific intent of 
defining the nature of the profile at a given location by measuring velocities 
at a number of depths, there is still no assurance that the velocity is not 
considerably different at positions between the measuring points. Also, the 
profile may vary with tidal range or with the seasons. Lacking any reliable 
information concerning the profile required for a simulation, the most 
Straightforward approach is to assume a uniform velocity. Suitable estimates 
of drag coefficients are also important, with the emphasis on accuracy 
depending somewhat on the mooring configuration. If a long line is used, 
carrying few instruments, then the cable drag is likely to be the dominant 
force. For a short line and a large number of instruments, the total drag 
of the instruments may equal or exceed the cable drag. The flow Reynolds 
numbers for the components should be considered when selecting the drag 
coefficients. 


Lacking an analytical solution for a particular model, any attempt 
at verification on the basis of data from an actual mooring would be very 
difficult because of the aforementioned problems associated with the 
correctness of the model parameters. If such verification must be attempted, 
it is preferable to make use of a subsurface mooring, rather than a surface 
one, because of the much greater sensitivity of its configuration to 
variations in the forces involved. 
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Limitations of the Present Model 


Some of the limitations of the model have already been mentioned 
as assumptions connected with the mathematical development. The effect of 
these assumptions is to restrict the model to static two-dimensional cases 
in which all moments of forces are neglected. The extension of the model to 
three dimensions is not difficult in principle, but would add some complexity 
to the computer program. Moments on the buoy and instruments could also be 
readily included, but would require a good knowledge of the fluid dynamic 
behaviour of these bodies, e.g. lift and drag coefficients vs angle of 
incidence, and centre-of-pressure travel. Wind drag on surface buoys is 
presently ignored but this restriction is easily modified. Instruments 
must be attached between cable segments but this is of little consequence 
because the segment lengths can be made as small as reasonably desired. 
Moorings using more than a single anchor point require a different program. 
For a two-point mooring, the model might still be two-dimensional. For a 
larger number of anchors than two, a three-dimensional model is obviously 
required. Multiple-point mooring models might encounter structural 
redundancy problems. 


In conclusion, the present model incorporates the steady two- 
dimensional hydrodynamic drag forces exerted by a space-varying velocity on a 
surface or subsurface buoy and on a flexible, extensible cable and 
instruments supported beneath the buoy. The accuracy of results obtained 
from the model will depend in large measure on the provision of accurate 
velocity information and, to a lesser degree, on an adequate knowledge of 
the cable characteristics. 
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APPENDIX A - BUOY CALCULATIONS 


]. Spherical Buoy 


(a) Immersed volume: 


where V is immersed volume, C is the area of a horizontal section of the buoy, 
z is the vertical coordinate (positive upwards), r is the radius of the buoy, 
and b is the distance from the water surface to the centre of the buoy. The 
horizontal coordinate is x. Now: 


(R: 

— 
N 

~— 
i 


1X = ez 


Therefore: V(z) 


m[r2z - zp 
3 -r 


1(3r2b - b3 + 2r3) 
3 


where r is given for a particular buoy and the quantity (r + b) is equal to 
the difference in elevation of the water surface and the bottom of the buoy. 


(b) Immersed area: 
b b 
INGAE 2xdz = i 2(r2-z2)* dz 


where A is the immersed area in a vertical plane and the other variables are 
as given in the previous section. Then: 


A(z) = [z(r2-z2)% + r2sin tz]? 
r 


= b(r2-b2)? + r2(n + sin”! b) 


it 
Z r 
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2. Cylindrical Buoy with Horizontal Axis 
(a) Immersed area: 
The equation for the immersed area in a vertical plane is identical 
to that given for the spherical buoy, above. 
(b) Immersed volume: 
V(z) = LA(z) 


where L is the length of the buoy (the average length in the case where 
cone-shaped end pieces are fastened to the cylinder). 


3. Toroidal Buoy 
(a) Immersed area: 
The immersed area of a toroidal buoy is just twice that of a 


spherical buoy, where r is now the minor radius of the toroid (i.e., it is 
the radius of a cylindrical section of the toroid). 


(b) Immersed volume: 
V(z) = 2mRA(z) 


where A(z) is as given for the spherical buoy and R is the major axis of 
the toroid, i.e., the centreline radius or mean value of the inside and 
outside radii of the toroid. 
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APPENDIX B - SAMPLE COMPUTATION 


The program is here applied to a system comprised of a toroidal 
surface float, a synthetic plastic cable, five instruments and a heavy 
chain anchor to illustrate the procedure. The FORTRAN coding form for this 
example is given in Table I at the end of this section. 


The first data card provides all the information about the buoy 
type and its specifications. A letter "T" is required in the j-th column 
to call the j-th buoy subroutine. The remainder of the first five columns, 
corresponding to other buoy types, should contain the letter "F". In the 
present case, BUOY3 (toroid) is called. The letter "F" is found in Column 
11, indicating that the buoy is at the water surface; a "T" would have been 
required for a subsurface buoy. Columns 21-30 contain the buoy weight 
(700.0 1b) in air and Columns 31-40 contain the drag coefficient (1.0). 

The principal vertical dimension (for displacement - see Appendix A) is 
listed in Columns 41-50. In this instance, it is the minor radius (1.25 ft) 
of the toroid. The next two sets of ten columns are available for other 
pertinent dimensions of the buoy. Here, only one is required, it being the 
major radius: (2.75, ftU)otathentorold: 


The second data card lists the cable parameters. Columns 1-7 
contain the distance from the buoy to the lower end of the cable type, in 
the unstretched condition. In the present example, only one type of cable 
is used, with a length of 900.0 ft. The next five sets of seven columns 
each are used to supply information on, in the order given, the cable 
buoyancy (0.045 lb/ft), weight (0.050 1b/ft), diameter (0.036 ft), drag 
coefficient (1.2) for flow in a direction normal to the cable and drag 
coefficient (0.1) for flow parallel to the cable axis. Beginning in Column 43, 
there are three sets of ten columns each which contain the coefficients for 
a second order fit to the fractional stress-strain relationship for the cable. 
In this instance, the cable is taken to be Samson 2-in-1 nylon. From a 
graph supplied by the manufacturer, a least squares fit to the working 
portion of the stress-strain curve was obtained in the form of Equation 13 
with a = 4.48, b = 0.675 and c = -0.005. The ultimate stress for a line 
having a diameter of 0.036 ft (7/16 in.) is 6000 lbs. Thus, in terms of 
Equation 14, one obtains aj = 1.045, a, = 1.125 x 107* and a> = 1.389 x-1078. 
These are the data which are used on the card in the given sequence. Columns 
73-75 contain logical variables used for selecting the form of longitudinal 
drag equation considered appropriate to the occasion. If a "T" appears in 
Column 73, Equation 26 is used; if in Column 74, Equation 27 is used; if in 
Column 75, longitudinal drag is ignored altogether. Up to ten different 
cable types may be represented in the model, each with its own card for 
data input. If the number is less than ten, the sequence must be terminated 
by an end-of-file indication. Hence, the third card here contains G@EOF. 


The fourth data card indicates, in Column 1, the presence (T) or 
absence (F) of a length of chain at the lower end of the cable. If, as here, 
chain is used in the system then seven parameters are given, commencing in 
Column 11 and occupying ten columns each. These are given in the following 
order: buoyancy (lb/ft), weight (lb/ft), cross-sectional area (ft?) per ft 
of length, drag coefficient for normal flow, drag coefficient for axial flow, 
total length of chain (ft) and the length of chain (ft) over which each 
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integration is performed. For this example, it is assumed that chain is 
used in lieu of an anchor. For easier handling, two lengths of 17 1b/ft 
chain are used together, giving a weight of 34 lb/ft. The buoyancy is 
about 4 lb/ft and the cross-sectional area is taken as 0.4 ft2/ft. The 
drag coefficients are not known with any accuracy, but the drag force is 
small in any case. Here the normal- and longitudinal-flow drag coefficients 
are assumed to be 1.2 and 0.6, respectively. The increment of chain over 
which each integration is made is 1 ft. Total length of chain (i.e., of 

the doubled-up chain) is 40 ft. 


The next five data cards provide information about the instrument 
packages. Up to ten different types of instruments can be used, but five 
identical current meters are involved here. Columns 1-10 on each card 
contain the instrument locations in feet from the buoy along the unstretched 
cable. The instruments must be positioned at multiples of the basic cable 
segment length, as mentioned in the text. For this example, the segment 
length will be 20 ft (determined by a subsequent card), and the five 
instrument locations are 20, 100, 200, 500 and 800 ft. Then Columns 11-20 
of each card contain the buoyancy (lbs), Columns 21-30 the weight (lbs), 
Columns 31-40 the cross-sectional area (ft2) for the drag calculation and 
Columns 41-50 the drag coefficient. Here, the values for the above 
parameters are assumed to be 15, 50,0.7 and 1.0, respectively. Since the 
number of instrument data cards is less than ten, the next card must be an 
end-of-file indicator. 


Another five cards are used, next, to provide the velocity profile 
information. Each card lists up to four numbers, each number occupying 
ten columns. The last three numbers are the coefficients for a second order 
velocity vs depth equation of the form v = a + bz + cz2. The first number 
is the lower limit of applicability of the coefficients, given in feet 
above bottom. If fewer than five segments (cards) are used, they must be 
followed by an end-of-file card. The easiest way of determining the 
coefficients is to graph the desired velocity profile, for clarity, then 
obtain a zero-, first- or second-order fit to each segment separately. In 
the present example, the current speed is 0.83 ft/sec from the bottom to a 
height of 600 ft above bottom. It then increases linearly to 1.64 ft/sec 
at 700 ft. It remains constant at this value for another 100 ft, and from 
800 to 900 ft it increases linearly to 5 ft/sec. Above 900 ft, the Speed 
remains constant at 5 ft/sec. 


The sixteenth card in this data deck contains the desired number 
of cable segments in Columns 1-10, the cable length (ft) in Columns 11-20 
and the integration error tolerance in Columns 21-30. The number of 
segments is here taken as 45, with a cable length of 900 ft, resulting in 
a segment length of 20 ft, as mentioned above. The integration error 
tolerance is required by the integration subroutine. Too large a value 
reduces the computational accuracy and too small a value increases the 
computation time. A value of 0.1 appears reasonable in this application. 
Column 31 contains the value of a logical variable which, if given as "T", 
will result in the printing of various data as a diagnostic aid, when 
required. 


The seventeenth data card contains, in Columns 1-10, an initial 
estimate or guess of the buoy position in feet above bottom. The value of 
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this guess can be almost any number because the iteration procedure usually 
ensures a rapid approach to the correct position. However, for a subsurface 
buoy a reasonable value to use is that of the cable length, and for a surface 
buoy one could assume that it is immersed to about one-half of its height. 
Columns 11-20 list the permissible iteration error (ft) for the anchor 
position. An accuracy equivalent to one-tenth of one percent of the total 
cable length appears to be a reasonable requirement. Columns 21-30 give 

the elevation of the water surface in feet above bottom. For this example, 
the water depth is 960 ft, the permissible iteration error is 1 ft and the 
buoy elevation is estimated to be 958.8 ft. 


After the program is run, the listings mentioned in the section on 
Program Output are produced. These are shown in Table II for the given 
example. The initial guess for the buoy elevation was too low, as indicated 
by the resulting large negative value for the anchor position, seen under the 
column headed Y(3). The iteration procedure then provided a rather ludicrous 
second estimate (in the column headed ZED) for the buoy elevation, since 
the suggested value put the buoy above the water surface. However, the buoy 
subroutine recognized this and substituted a more reasonable value before 
commencing on the first iteration. Note from the results how a small change 
in elevation, for a surface buoy, can result in a large change in anchor 
position. 
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APPENDIX C - PROGRAM SOURCE LISTING 


A complete source listing for the main program and all subroutines 
is given in the following pages. 
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ABSTRACT 


Physical, chemical and biological oceanographic observations are made from 
the weathership at Ocean Weather Station Papa, and between Esquimalt and 
Station Papa, on a routine continuing basis. Physical oceanography data only 
are shown, including surface observations and profiles obtained with bottle 
casts and conductivity-temperature-pressure instruments. 
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INTRODUCTION 


Canadian operation of Ocean Weather Station P (Latitude 50°00'N, Longitude 
145 00'W) was inaugurated in December, 1950. The station is occupied primari- 
ly to make meteorological observations of the surface and upper air and to 
provide an air-sea rescue service. The station is manned by two vessels oper- 
ated by the Marine Services Branch of the Ministry of Transport. They are the 
CCGS Vancouver and the CCGS Quadra. Each ship remains on station for a period 
of six weeks, and is then relieved by the alternate ship, thus maintaining a 
continuous watch. 


Bathythermograph observations have been made at Station P since July 1952. 
A program of more extensive oceanographic observations commenced in August 
1956. This was extended in April 1959, by the addition of a series of oceano- 
graphic stations along the route to and from Station P and Swiftsure Bank. 
These stations are known as Line P stations. The number of stations on Line P 
has been increased twice and now consists of twelve stations (Fig. 1). Bathy- 
thermograph observations and surface salinity sample collections, in addition 
to being made on_Line P oceanographic stations, are also made at odd meridians 
BGO". LBs 139°40'W, 141° 40'W, etc. These stations are known as Line P BT 
stations. Data observed prior to 1968 have been indexed by Collins et al (1969). 


The present record includes hydrographic, continuously sampled STP and 
surface salinity and temperature data collected from the CCGS Vancouver during 
the period 7 January to 1/7 February 1977. 


All physical oceanographic data have been stored by the Canadian Oceano- 
graphic Data Centre (CODC), 615 Booth Street, Ottawa, Ontario, Canada. Requests 
for these data should be directed to CODC. 


Biological and productivity data are published in the Manuscript Report 
series of the Fisheries Research Board of Canada (FRB), Pacific Biological 
Station, Nanaimo, British Columbia, Canada. Requests for these data should 
be directed to FRB. 


Marine geochemical data are for the Ocean Chemistry Group, Ocean and 


Aquatic Sciences, Environment Canada, Institute of Ocean Sciences, P.O. Box 
5000, Sidney, B.C, VSL 4B2. 


PROGRAM OF OBSERVATION FROM CCGS VANCOUVER, 7 JANUARY - 17 FEBRUARY 1977 (peel) 
(CODC Ref. No. 15-77-0011) 


Oceanographic observations were made by Mr. B. Canning of Seakem Oceano- 
RrApi Gro. ww CLOT saw DU. 


En Route to Station P 
Line P Stations 1 to 12 were occupied and an STP profile made to near 


bottom or 1500 metres. Two hydrocasts to 1500 m were done at Stations 6 and 10. 


Samples for salinity, nitrate, nutrient, alkalinity and total CO, were 
taken from the seawater loop at all whole stations, with salinity also taken 
at all half stations. Surface bucket salinities were taken at all whole 


stations 1 to 5. Surface bucket temperatures were taken at all whole and half 
stations. 


Surface tarball tows were made at Stations 2, 4, 6, 8, 10 and 12. 


The thermosalinograph, surface temperature recorder and PCO, system were 
run continuously. . 


Mechanical BT's or XBT's were taken at all whole and half stations. 


On: Staten P. 


The oceanographic program was carried out as follows: 
Physical Oceanography: 
1) Profiles of salinity, temperature and oxygen were obtained from 6 hydro- 


graphic casts to near bottom (4200 metres) (one cast was to 400 m only 
since the bottles at 500 and 600 m did not trip). 


2) 32. STP profiles to 1500 metres and 1 to 600 metres were obtained. 


3) BT's or XBT's were taken every three hours to coincide with meteorological 
observations, encoded and transmitted according to the IGOSS format. 


4) Salinity samples were collected daily at 0000 hrs GMT from the seawater 
loop. 


Marine Geochemistry: 


1) Nutrient and salinity samples were collected daily at 0000 hrs GMT from 
the seawater loop. One 24 hour series of nutrient samples was taken each 
hour from the seawater loop. Two profiles for nutrients to 500 m and one 
profile for tritium to 500 m were taken. One loop sample and one rain- 
water sample were also collected for tritium. 


2) Alkalinity and total CO, samples were taken every 3 days from the seawater 
loop or bucket and in Sac iene 2 profiles each to 500 m were taken. 


Sa hg ey 3 co, samples were taken in quadruplicate at weekly intervals. 


4) 3 surface tarball tows were completed. 


5) 1 seawater C-14 sample was extracted from 45 gallons of seawater taken 
from the seawater loop along with 1 seawater C-13 and 2 air C-13 samples. 


6) PCO, carboys were filled every 3 days when the loop system was operational. 
Biological Oceanography: 
Samples were obtained as follows: 


1) 26 ~ 150 metre vertical plankton hauls. 
2 - 1200 metre vertical plankton hauls. 


3 groups of subsurface plankton hauls were taken on 3 consecutive nights 
at sunset. 


2) 2 profiles to 200 metres for each of plant pigment, nitrate and Ci, 
productivity were obtained, as well as 3 surface samples each. 
An emergency run was made towards the Queen Charlotte Islands during 
which time surface salinity samples and temperatures were taken every 3 hours. 
Stations 124 to 8% were missed as a result of this run. 


En Route from Station P 


An STP profile was made at Stations 8 to 6 and 4 to l. Two hydrocasts were 
done at Stations 8 and 4. Nutrient, nitrate, alkalinity and total CO, samples 
were taken from the seawater loop at Stations 8 to 1. Salinity samples were 
taken at all whole and half stations 8 to 1. Surface bucket temperatures were 
taken at all whole stations 8 to 1. Tarball tows were taken at Stations 8, 7, 
6,04, 3, and 2. Mechanical. BD's or XBLs were! taken ap alb whole.and half 
Stations % to. 4, 


Observations for Other Agencies 


1) Marine mammal observations were made by the ship's officers for Mr. I. 
McAskie, Fisheries Research Board of Canada, Pacific Biological Station, 
Nanaimo, B:Gay Canada. 


2) Bird observations were made by the ship's officers for Dr. M. Myres, 
University of Alberta, Calgary, Alberta, Canada and Mr. J. Guiguet, 
Curator of Birds and Mammals, Provincial Museum, Department of Provincial 
Secretary and Travel Industry, Victoria, British Columbia, Canada. 


3) Air CO, samples were taken weekly in duplicate for Scripps Institution of 
Oceanography, La Jolla, California, U.S-A. 


Data were processed? for publication by Ms. M. Sainsbury uf Seakem Oceano- 
graphy Ltd.; Victoria, B.C. 


OBSERVATIONAL PROCEDURES 


Observations for salinity, oxygen and temperature from all hydrographic 
casts, including the surface, were obtained with Niskin water sample bottles 
equipped with either Richter and Wiese and/or Yoshino Keiki Co. reversing 
thermometers. Two protected thermometers were used on all bottles and one 
unprotected thermometer was used on each bottle at depths of 300 m or greater. 
The accuracy of protected reversing thermometers is believed to be + 0.02. C. 


The daily surface water temperatures were measured from a bucket sample 
using a deck thermometer of + 0.1 C accuracy. The daily surface salinity 
samples were obtained from the seawater loop. When the seawater loop was not 
operational these samples were obtained with a bucket, and are indicated with 
at b\ dwthietdatantecetd:; 


Salinity determinations were made aboard ship with either an Autolab 
Model 601 Mark III inductive salinometer or a Hytech Model 6220 lab salino- 
meter. Accuracy using duplicate determinations is estimated to be + 0.003 /oo. 


Depth determinations were made using the "depth difference" method des- 
cribed in the U. S. N. Hydrographic Office Publication No. 607 (1955). Depth 
estimates have an approximate accuracy of + 5 m for depths less than 1000 m, 
and + 0.54 of depth for depths greater than 1000 m. 


The dissolved oxygen analyses were done in shipboard laboratory by a 
modified Winkler method (Carpenter, 1955). 


Line P engine intake continuous temperature on both ships were recorded 
by a Honeywell Electronik 15 Recorder. The temperature probe is at a depth 
of approximately 3 metres below the sea surface and the instrument accuracy 
is believed to be + 0.1 C. 


Each ship is equipped with a Plessey Model 6600-T thermosalinograph 
which is used, on Line P, for continuous recording of *gurface Utétiperatures 
and salinities from the ship's seawater loop. The temperature probe is mounted 
at the seawater loop intake (approximately 3 metres below the surface) and 
the salinity probe and recorder are situated in the dry lab. The accuracy 
of this instrument is believed to be + 0.1 C-for temperature ands QUOT foo 
for salinity. 


STP profiles were taken with a Guildline Model 8700 STP system. 


COMPUTATIONS 


All hydrographic data were processed with the aid of an IBM 370 computer 
and a UNIVAC 1100 computer. Reversing thermometer temperature corrections, 
thermometric depth calculations and accepted depth from the 'depth difference" 
method were computed. Extraneous thermometric depths caused by thermometer 
malfunctions were automatically edited and replaced. A Calcomp 565 Offline 
Plotter was used to plot temperature-salinity, and temperature-oxygen dia- 
grams, as well as plots of temperature, salinity, and dissolved oxygen vs 
10g 16 depth. These plots were used to check the data for errors. -° 


Missing hydrographic data were obtained using a weighted parabolas inter- 
polation method (Reiniger and Ross, 1968). These data are indicated with an 
asterisk in this data record. 


Data values which we suspect but which we have included in this data re- 
cord are indicated with a plus. These data have been removed from punch card 
and magnetic tape records. 


Analog records from the salinity-temperature-pressure instrument have been 
machine digitized, then replotted using the Calcomp plotter. 


Digitization was continued until original and computer plotted traces were 
coincident. Temperature and salinity values were listed at standard pressures; 
integrals (depths, geopotential anomaly, and potential energy anomaly) were 
computed from the entire array of digitized data. 


The headings for the data listings are explained as follows: 


PRESS is pressure (decibars) 

TEMP is temperature (degrees Celsius) 

SAL is salinity (parts per thousand) 

DEPTH is reported in metres 

SIGMA-T is specific gravity anomaly 

SVA is specific volume anomaly 

THETA is potential temperature (degrees Celsius) 

SVA (THETA) is potential specific volume anomaly 

DELTA D is geopotential anomaly (J/kg) , 

POT EN is potential energy in units of 10 ergs/cm 

OXY is the concentration of dissolved oxygen expressed in milli- 
litres per litre 

SOUND is the velocity of sound in m/sec. 
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Figure 2. Composite plot-of temperature vs log depth for Line 
e 10 
P stations. P-7/7/-l. 
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Figure 3. Composite plot of salinity vs log depth for Line P 
: 10 
stations. P-7/7-1l. 
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Figure 5. Composite plot of salinity vs log 


0 depth for Station 
Bo PJi-l1. 
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Figure 6. Composite plot of oxygen vs log depth for’ Station 
Prawen 21. ‘ | 
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OFFSHORE OCEANOGRAPHY GROUP 

REPERENCE NOs 7 7erelh=-<7 VATE ~8/-1/77 
POSITION 49—= 260 Ne 130-40.0 w 
HYDROGRAPHIC CAST DATA 


ObSERVED DATA - 
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OFFSHOKE OCEANOGRAPHY GROUP 
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074 

1.27 

1-81 

2238 

2296 

3-00 

4.29 

5-04 

6.73 

10.79 
1557. 
21-01 
27e05 
33-60 
40259 
472693 
63477 


OxY SOUND 


1479. 
1479. 
1479. 
1479. 
1479. 
1479. 
1479. 
1472. 
14726 
1474, 
1474, 
1473. 
1472. 
1472. 
1472. 
1473. 
1475. 
1477. 
1478. 
1481. 
1481. 


OxY SOUND 


1479. 
1479. 
1479. 
1479. 
1479. 
1479, 
1473. 
1472. 
1474. 
1473. 
1473. 
1472. 
1472. 
1472. 
1472. 
1473. 
1474. 
1475. 
1476. 
1477. 
1478. 
1460. 


10.00 


foe Bees =) 


34.50 


0/00 
33.50 


32.50 
TEMPERATURE, 


SALINITY, 


Jb 2o0 


30.50 


C 


10.00 37-00 16.00 


00 


he 


SABINA Lea 


OFFSHORE OCEANOGRAPHY GROUP 
ReFERENCE NOs 77= 1= 15 
POSITION DO—$#240 Ne «245= 
HYLROGRAPHIC CAST DATA 


OBSERVeUD DATA 


BRESS TEMP SAL LEPTH 
0 6615 526618 0 

9 6.10 5352+617 2) 
138 6e12 32617 18 
<6 60.15 32-617 26 
42 6-04 32-6615 4e 
ol 6-U6 32e6e6 61 
Ue 6-01 32-622 On 
93 5-84 32-615 92 
107 9055 520617 106 
a9 4.78 320631 118 
131 4.39 32-874 130 
Voy 442 350225 191 
173 4e27 334663 2 
ect) 4.05 334732 218 
263 3092 330877 281 
S07 5083 33-995 374 
664 Se40 342233 658 


&50 3.09 34.323 842 
HUBS 2078 342405 1025 
S12 2649 34.471 1298 
ATT 2009 344556 lw Ss2 
2c34 1.34 34.615 2206 
</703 1.606 342647 2066 
5075 1.51 54.678 3616 
S07 S 1.50 34-6076 3714 
elow Ai) 1.51 34-6680 3813 


25 


BATE hOferiH7*7. 


eO W 


SIGMA 
i 
25-678 
25-684 
25-681 
250677 
25-688 
25-696 
25-699 
25-714 
ZI ce 
25-848 
26.081 
20-356 
26.719 
26.796 
26.925 
27.026 
272259 
272359 
276453 
272530 
27.631 
27.696 
ST TST 
27.760 
Evers 
27 wite 
27.771 
27.774 


INTERPOLATED TO STANOAKD PRESSURE 


PRESS TEMP SAL VEPTH 
U Geld 52618 0) 
10 60610 52617 10 
<0 Cells S2eioi7 20 
SU G6ele 92616 30 
50 6-05 52.619 50 
Wis 6.02 32623 75 
100 »6/ 32616 99 
Les Seoe 8 32e759 124 
15u 4.42 33-194 149 
i175 4.26 33606 174 
200 GekG 335705 198 
225 4.04 334746 223 
250 3-98 53+806 248 
50U 53-90 33-900 298 
4U0 5-78 34.018 397 
500 3262 544113 496 
600 3646 34.4190 595 
700 3e33 542252 694 
800 3017 34301 792 


9U0 3200 344347 891 
1000 2683 542391 990 
1200 2660 346446 1188 
1500 2-31 34.509 1483 
20U0 1.96 34.586 1975 
2500 1.73 34.633 2466 
50U0 1.600 34.659 2957 
3500 1.53 34-674 3446 


SIGMA 
| 

250678 
25-663 
25-680 
25-680 
25.691 
25.698 
254-735 
25.971 
266332 
266722 
26-766 
26.809 
26-862 
26-6945 
27.050 
27.142 
27s2i7 
27.280 
27.2335 
27.386 
27.436 
27.501 
ersSsTs 
27-665 
27.720 
276751 
27.768 


SVA 


23202 
231-7 
23201 
23295 
231.7 
231-2 


BSI 


22928 
226002 
217.0 
194.9 
169.0 
134.8 
127.8 
11661 
107-3 
87.0 
7803 
70.0 
63-5 
548 
494 
4602 
44.9 
44.6 
44.8 
4505 
45.0 


SVA 


232-2 
231.8 
25202 
23203 
231-5 
2olel 
22768 
205-3 
171.3 
134.5 
130.6 
126-7 
121.8 
114.3 
105.1 
9761 
90-6 
8561 
80.4 
7509 
71-5 
65-9 
596 
52.0 
47.5 
45.3 
44,7 


GMT 17-6 
THETA SVA 
(THETA) 
Ow mcocwe 
6.10 231.6 
Oete i2oleo 
Oet5) (252n2 
On04 2oiee 
6.05 230-4 
6300) “2s0ny 
ose ae4sy57/ 
Seen cebel 
4.77 21529 
4.38 193-7 
4.41 16726 
4.26 133-62 
4.03 125.8 
3-90 113.6 
3-80 104.0 
$%.a5 81.7 
3.03 Weel 
Colla 6302 
240 55 e, 
1.97 46.0 
1-68 39-6 
1.47 Beyy) 
1.32 Beppu 
1-22 31-5 
1.20 Sie 
1.22 31-6 
1.20 Biliwee 
THETA SVA 
(THETA) 
Qos)  Bey242 
Or FeO ei 
6613 231.9 
6.12 231.9 
6-04 230.9 
6-01 230.2 
53665 22607 
4.57 204.2 
4.41 170.0 
4.25 132.9 
4.12 128.7 
4.02 124.7 
3e97 119.6 
Soitsh kiko 7/ 
3-76 101.6 
3-58 92.9 
3.44 85.7 
3.28 7967 
Bort 74.5 
2.94 69.5 
2.77 64.8 
2.52 58-5 
2e2l 51.4 
1.82 42.6 
1.56 oiaee 
PAS 34.0 
1.26 ocel 


STATION 


DELTA 
D 
00 
eel 
42 
61 
©98 
1-42 
1.80 
2014 
2047 
2e73 
2-98 
3037 
3269 
4.30 
5-07 
6Bele 
8-87 
10.41 
11.78 
13-62 
16634 
18.74 
20-97 
ao RY §) 
25435 
25680 
26022 
26026 


Pp 


POT. 
EN 
00 
01 
e004 
e083 
eel 
045 
e771 
1-01 
1-34 
1.65 
1-96 
Paoy 
3205 
4e26 
6024 
9.75 
24025 
36-07 
49.23 
71-20 
113-80 
102-73 
218.99 
284229 
Soles 
378618 
594242 
396225 


POT. 
EN 
00 
°01 
°05 
ell 
° 50 
°66 
1-18 
1-81 
2-46 
3209 
372 
442 
517 
6-82 
10-72 
Eso he) 
20-60 
26-42 
32-74 
39-52 
46.65 
61-94 
87-79 
13711 
193.74 
258-38 
332-65 


OxY 


6.83 
6.87 
6.88 
6.90 
6.91 
6.91 
6.88 
6.91 
6.75 
6.73 
6.82 
Pio | 


SOUND 


1473. 
1472. 
1473. 
1473. 
1473. 
1473. 
1473. 
1475. 
1472. 
1469. 
1468. 
1469. 
1469. 
1469. 
1470. 
1471. 
1474. 
1476. 
1478. 
14861. 
1487. 
1494. 
1501. 
LSU9% 
1517. 
LoL os 
1520. 
1521. 


SOUND 


1473. 
1475. 
1473. 
1473. 
1473. 
1473. 
1472.6 
1468, 
1469, 
1469. 
1469. 
1469. 
1469, 
1470. 
1471. 
1472. 


1473. 


1474. 
1475. 
1476. 
1477. 
1480. 
1484. 
1491. 
1498, 
1506. 
1514. 


24 


10.00 


x 0.00 


39.00 


iL 
10.00 


TEMPERATURE. 


16.00 


eS GE) SE) SE IE (Rem Lael es BY Deon Oe ee Sees ~t--—1 


13,00 


7.00 


4.00 


. 00 


“hn Oo rome cu m = iN oOr-om Pat] nm = nN oOrom cu 
OX OOTX DODIX 


Sau¥l3W ‘HH dag 


OFFSHORE OCLANOGRAPHY GROUP 
REFERENCE NOe 77~ .1l- 23 
POSITION 50—= «0 Ne 145- 
HYDROGRAPHIC CAST DATA 


ObSERVED DATA 


PRESS TEMP SAL DEPTH 


0 6.0% 32-611 0) 
10 5-89 32-610 10 
20 5-89 32-612 20 
50 9091s 320614 30 
50 5-88 52-616 50 
74 5-84 32616 74 
98 4.50 32-924 97 

lee 4.49 33-261 121 
144 4.52 33-590 143 
167 4.34 3346741 166 
149 4,16 334784 188 
255 4.U5 334831 Zou 
e7o 3°92 338606 274 
365 3e87 334984 362 
457 3674 34-082 453 
SO, 3-60 34-160 552 
093 3032 344248 687 
8o8 3006 $42333 860 


LU44 2-80 34.398 1034 
15le 2645 540475 1298 
1766 2e10 34552 1745 
aces 1.87 34.603 2200 
c696 1.60 34-643 2659 
$170 1.56 34.668 vies 
39047 1.51 34.670 * 3589 
O744 1.51 94+670 3683 
5850 INSSs, S4.674* 3767 
98359 1.51 S4eo74 STT6 


ZS 


DATE Lt/al sie 


°0 W 


SIGMA 
T 
25-681 
25-704 
25.705 
25.705 
25-710 
256715 
26.103 
26-377 
26-635 
Om MO 
26-826 
26.877 
26.916 
27.015 
27.105 
27.181 
27.278 
27.370 
276445 
272534 
27.627 
27.686 
27.734 
27.761 
27.766 
27.766 
27.768 
27.770 


INTERPOLATED TO STANDAKD PRESSURE 


PRESS TEMP SAL VEPTH 
U 6-U8 S2e611 0 
10 2<89F 32.610 10 
20 5089 52-612 20 
50 SeIlf 322614 SG 
20 De38 4520616 50 
cs 9e3L  52e6e4 (oe 
100 4.55 32960 99 
led H#e49) 33312 124 
150 447 33-631 149 
Whe: Gece S575! 174 
200 4.153 353-796 199 
cep 4.05 334823 223 
290 398 334846 248 
500 5-91 33-901 298 
400 53e82 54-024 397 
5U0 3068 34.4118 496 
600 3-50 54.190 395 
700 SeS51) S4-252 694 
3bU0 3015 34-2302 792 
9U0 3-01 344346 891 
1000 2-86 344363 990 


12u0 2060 346445 1188 
15v0 225) 34.510 1483 
2000 1.98 34.579 1975 
2500 1.74 (34.627 2466 
3U00 1.59 34.659 2957 
3500 1.52 34-669 3446 


SIGMA 
T 
25-681 
254704 
25-705 
25-705 
25.710 
25725 
26.133 
206417 
20-673 
26-793 
26-840 
26-869 
26-893 
26-945 
27.052 
272140 
27.214 
27-282 
a ete FW 4 
27.385 
272428 
27.500 
27.576 
27.659 
elaaid 
27.752 
27.765 


SVA 


231.9 
2298 
229-8 
230.0 
22967 
229-5 
192.6 
166.8 
142.7 
129.7 
124.8 
120.3 
116.9 
108-3 
100.3 
938 
85-3 
7724 
708 
6301 
5562 
5065 
4605 
44.7 
45el1 
4503 
456 
45.3 


SVA 


231.9 
229-8 
229-8 
230.0 
22967 
223-5 
1898 
lo3e61 
WS) 6 1 
127.9 
123.6 
121.0 
118.9 
114.3 
105-0 
97-3 
90-9 
84.9 
80.2 
7601 
7204 
6661 
595 
52.7 
48.1 
4563 
45.0 


GMT 


THETA 


6-08 
5-89 
5289 
5-91 
5 +88 
5-83 
4.55 
4.48 
4.51 
4.33 
4.15 
4.01 
3-90 
3284 
3-71 
3-56 
3e27 
3.00 
2073 
2239 
1.98 
1.71 
1.47 
1.32 
ice 
1.21 
1.22 
1.20 


THETA 


6-08 
5-89 
5°89 
5-91 
5-88 
5-80 
4.55 
4.49 
4.46 
4.26 
4eit 
4.04 
3-97 
3-88 
3079 
3264 
3-46 
3-26 
310 
2.95 
2.79 
2e52 
202i 
1-84 
1257 
1.37 
1.25 


17.8 


SVA 


(THETA) 


231.9 
229.7 
229-5 
22926 
22961 
228-6 
191.7 
165.7 
141.2 
128.0 
123.0 
118.2 
114.5 
105.0 
9664 
891 
79-9 
71el 
659 
5503 
464 
40.6 
358 
3209 
3202 
32el 
Sie 9 
Ske / 


SVA 
(THETA) 
231.9 
2e9er 
2295 
229-6 
22901 
227-6 
188.9 
161.9 
137.6 
126-2 
121.7 
119.0 
116.6 
111.7 
101.5 
9361 
86-0 
79.5 
74.3 
69.7 
65-6 
5867 
51.3 
4335 
HN ONT 
3369 
3204 


STATION P 


DELTA 
D 
00 
e235 
046 
69 

1.16 
Le75 
2-21 
2265 
2.99 
3230 
3059 
4ele 
4.635 
5263 
6659 
72056 
8-77 

10.19 

11.50 

13.28 

15.96 

18.40 

20-66 

22-82 

24.95 

25239 

25-78 

25-435 


© 30 
e66 
1-09 
1-57 
2-03 
2053 
3-04 
4.19 
5252 
8.78 
12-78 
17-78 
25253 
36-81 
49.50 
70-92 
112.76 
162636 
219-14 
283-56 
S57is GO 
374 023 
38946 
391-09 


POT. 
EN 
U0 
e001 
005 
ell 
° 30 
°O7 

1.13 

1.64 

2016 

Oita 

3e31 

3097 

4.69 

6-33 

10.24 
14.86 
20614 
25-95 
3225 
39-02 
4620 
61.68 
87-41 
136.98 
194.60 
259-50 
333469 


OxY SOUND 
6.75 1472. 
6.85 1472. 
6-86 1472. 
6.87 1472. 
6.89 1472. 
6.85 1472. 
6.77 1468. 
5-67 1469. 
4.33 1469. 
3647 1469. 
3-91 1469. 
2.57 1469. 
2.06 1469, 
1.44 1471. 
1.90 1472. 
-90 1473. 
°75 1474, 
56 1476.6 
78 1478. 
66+ 1481. 
1.01 1487. 
1.65 1494, 
2s255 15015 
2.80 150u9. 
3002) BS17a 
3.94% 1518. 
S05) 1520%5 
3.97 1520. 
OxY SOUND 
6675 1472, 
6-85 1472. 
6-86 1472, 
6-87 1472. 
6.89 1472. 
6.84 1472. 
6.65 1468. 
5646 1469, 
4.99 1469. 
3.30 1469. 
2.90 1469. 
2.65 1469. 
2.36 1469, 
1.87 1470. 
1.26 1471. 
96 1472. 
°85 1473. 
74 1474. 
°63 1475. 
60 1477. 
e735 1478. 
«71 1480. 
o8B2 1484, 
1.36 1491. 
2.02 1498. 
2.61 1506. 
2.96 1514. 


DEPTH, METRES 


30.50 


uz 


00 


31.50 


SREINITT, G700 
32.50 33 


50 
TEMPERATURE; .6 
7.00 10.00 
twit lacy balces Se 


34.50 


Paeuu 


OFFSHORE OCEANOGRAPHY GROUP 
REFERENCE. NOe 77". le S32 
POSITION 50—= . «0 Ne 145- 
HYDROGKAPHIC CAST DATA 


ObSERVLU DATA 


PRESS TEMP SAL DEPTH 


0 5096 32e624 0 

8 5e87 320621 8 
15 5288 320623 13S 
ce 5088 420625 22 
35 9e86 32¢620 35 
49 9°80 352+624 49 
62 Se SH, Seebct 62 
"eS 5e84 322630 Tee) 
84 5e61 326699 83 
94 Salon Ieee? 93 
1U5 4.07 3364124 104 
leo 4.560 334586 bets) 
Ide 4eo44 334748 Lo} 
233 4.U2 334815 eon 


27 


UBTEs ed/,4714 


°O W 


SIGMA 
T 
25-704 
eo 19 
2a 11 
236147 
25-720 
eon 119 
CASIST(IVTE 
25-726 
25.808 
Bo 0963 
26.250 
26-627 
26-768 
26.864 


INTERPOLATED TO STANDAKD PRESSURE 


PRESS TEMP SAL VEPTH 
0 92-98 326624 0 
10 SB" Se2e6de 10 
2U 9°88 320624 20 
30 5.687 3256626 30 
50 9286 3256624 50 
US SAGO. S25644 75 
100 48V 3660035 939 
LS 4.50 334509 124 
150 4e45 53736 149 
NTS) 4.50 33-769 174 
200 4.17 353-790 198 
ZeS 4,05 332808 223 


SIGMA 
Tl 

25-704 
29-715 
25-716 
25-719 
25.718 
29-739 
2620133 
26-613 
26.758 
20-800 
260-830 
206856 


SVA 


22907 
228.7 
228.8 
22867 
228-6 
228-9 
22961 
22864 
22067 
206.0 
178-8 
14362 
13061 
i eee) 


SVA 


eater 
228-8 
22867 
2286 
228-9 
22762 
189.9 
144.5 
131.0 
127-02 
124.25 
2202 


GMT 


THETA 


5298 
587 
5-88 
5-88 
5-86 
5 86 
5-86 
5-83 
5-60 
5014 
4.66 
4.55 
443 
4.00 


THETA 


5-98 
5087 
5-88 
5-86 
5-86 
5-80 
4.86 
4.55 
4.44 
4.29 
4.16 
4.04 


17.6 


SVA 


(THETA) 


22967 
228-7 
228-6 
22865 
228.1 
22863 
228-4 
2276 
219.8 
205.0 
177.8 
141.9 
128-5 
119.4 


SVA 


(THETA) 


229.7 
226-6 
22605 
2282 
22863 
22063 
188.9 
143.3 
129.5 
12520 
122.7 
120-2 


STATION 


DELTA 
D 
00 
18 
035 
051 
081 
1.13 
1.43 
1.68 
1.91 
2013 
234 
2-68 
3003 
4.04 


DELTA 
D 
e00 
023 
°46 
069 

1614 
Lewie 
Ceeo 
2eb7 
3-00 
332 
3-64 
3694 


P 


POT. 
EN 
00 
eO1 
°05 
e10 
029 
°00 

1-13 

1-60 

208 

2061 

loi 

3238 


OXY 


6.94 
6.96 
6.95 
6.92 
7.90 
6.91 
6.96 
6.87 
6.88 
6.78 
632 
4.49 
3.58 
2.70 


OxY 


6.94 
6.96 
ors 
6.97 
6.91 
6-87 
6.51 
4.56 
3.65 
3.29 
3.92 
POU Uf 


SOUND 


1472. 
1472. 
1472. 
1472. 
1472. 
1472. 
1472. 
1472. 
1472. 
1470. 
1469. 
1469. 
1469. 
1469. 


SOUND 


1472. 
1472. 
1472. 
1472. 
14726 
1472. 
1469, 
1469, 
1469. 
1469. 
1469. 
1469. 


DEPTH, METRES 


~~ 


28 


2.00 


BL ro 


ALS 


AL 


Zi 


AM 


rAhe 


Nk Ma ME Boe) 


OXYGEN, 
4.00 
SUN, Ao 

32.50 30 <5 


TEMPERARUBE , 
7.00 10 


MLZL 
6.00 
0 
.50 
& 

0 


ul 


, 


fh seein 


8.00 


34 50 


b= 00 


(on pee —~— 


IPS 60) 2a Sarre is Bh & 


10.00 
So Ae 


16.00 


OFFSHORE OCEANOGRAPHY GROUP 
REFERENCE NOen 77=_) le 35 
POSITION DOs pt) Wer) 145- 
HYUROGKAPHIC CAST DATA 


OBSERVED DATA 


PRESS TEMP SAL DEPTH 
0 9289 320625 0 
10 9°81 320628 10 
20 Se8l 320625 20 
29 9°81 326627 22 
47 2080 320625 47 
69 5e80 32e621 69 
90 5e82 326624 89 
110 Sef9 32634 109 
129 Se22 324795 128 
146 4.62 334089 145 
1o4 4.6U 336430 163 
197 4.95 33751 196 
esl 4.U5 334760 229 


298 3e687 336899 296 
376 Jef9, 334979 Wg: 


473 307353 34.2080 469 
719 S025 346264 TAS 
Oe 2095 34-360 205 


1108 2e71l S4e422 LOO 
1409 2e57 342497 1394 
Lg2ze Lv9S, 340579 1899 
e443 dafoo 346650 2411 
CuK eye} 1.61 34.619+ 2920 
5471 1.53 34.671 3417 
5900 1.51 34-662+ 3894 
4U54 1.51 34-672 3986 
TASS 1.55 3546671* 4\)68 
4148 lage, S427} 4077 


29 


DATE 244 1/77 


°O0 W 


SIGMA 
Vi 
25-716 
25.728 
252724 
29-727 
eveler 
254723 
254723 
ens 155 
252929 
266227 
262499 
26.761 
262.834 
26.947 
27.019 
27.105 
27.315 
27.401 
272472 
27.561 
27.658 
ase717 
27.718 
27.766 
27-776 
27.768 
27.766 
27.767 


TiNTERPOLATEU 10 STANDARD PRESSURE 


EREOS TEMP SAL LEPTH 
0 Wey Beslo25 0) 
1U Sel 32628 10 
2U We Oly S2e625 20 
SO DinGle OLwoey, 30 
D0 9e8U 52-624 50 
WS DeS8l S2e6e2 r/S) 
100 5e8U 326629 100 
Les Dies, oes sOD 124 
15v lOc OCs OG: 149 
IPAS 4.56 33542 174 
200 Hote SSelOo 199 
Cen Nelda Ooelso 224 
230 3099 33-617 249 
500 3-87 33-901 298 
4O0U 377 342006 397 
500 3e60 34.107 496 
700 Dec Omron eeu 694 
300 3e10 34-318 792 
900 2097 34-356 891 
1000 2084 354-389 990 


1200 2060 34.447 1188 
15u0 2029 546514 1483 
2000 1.94% 34.587 1975 
25U00 1.73 34-629 2466 
30U0 1.60 34.623 2957 
5500 1.53 34-672 3447 
4U00 1.51 34.678 3933 


4100 1.52 34-672 4031 


SIGMA 
T 
25.716 
25.728 
2a TOK 
25a 727 
25% 726 
250728 
25-730 
252892 
26.291 
20.590 
26-6767 
26823 
26.870 
26949 
2ie0ue 
27133 
272225 
276302 
27-354 
27.2397 
276435 
27.502 
27.581 
27.668 
2heliz 
2iel2e 
27-766 
27.773 


27.767 


SVA 


22826 
22766 
228.0 
23708 
22801 
228.6 
228.8 
22759 
209.6 
181.3 
15507 
13282 
12463 
14554 
1079 
100-5 
81.8 
7465 
68.4 
60.7 
5264 
47.8 
4B 3 
44.8 
45.0 
4640 
4606 
4604 


SVA 


228-6 
227-6 
228.0 
227-8 
22861 
22847 
22823 
213-0 
175635 
14761 
1306 
12564 
12lel 
11309 
105.9 
98.0 
89.8 
83-0 
7865 
7429 
71-6 
659 
5961 
51-7 
478 
48.0 
44.9 
45-4 


46.3 


GMT 


THETA 


589 
5-81 
5.81 
5°81 
5-80 
5-79 
5e81 
5-78 
Seal 
4.61 
4.59 
4.52 
4.03 
3285 
3276 
3-70 
3218 
2289 
2264 
2-28 
1.85 
1.58 
1.39 
1.26 
1.19 
1.18 
Lt9 
1.18 


THETA 


5.89 
5.81 
5.81 
5.81 
5.80 
5-80 
5.80 
5632 
4.60 
4.56 
4.47 
Gell 
3.98 
3.85 
3.75 
3.63 
3.40 
321 
3.05 
2.90 
2R7, 
2.52 
2019 
1-80 
1.56 
1.38 
1.26 
1.19 


1.19 


17.5 


SVA 
(THETA) 
226-6 
22764 
227.8 
22725 
C2745 
227-8 
227-8 
22667 
208-3 
179.9 
154.0 
129-2 
12202 
11145 
104.7 
9664 
7604 
6861 
61.3 
5208 
43.3 
376 
Shad 
3203 
31.0 
SW C7 
31.8 
31.8 


SVA 
(THETA) 
2286 
22764 
227-8 
cered 
227-6 
22768 
22702 
211.7 
17309 
145.4 
128.6 
123.35 
118.8 
111.3 
102.4 
93-7 
85.0 
7T7e7 
7206 
68-5 
6469 
58e5 
50.9 
42.4 
3705 
36007 
3202 
31-3 


31.8 


STATION 


DELTA 
D 
00 
e235 
046 
°67 
1-08 
1.58 
2204 
2-50 
2.92 
3°26 
3256 
4.04 
4.46 
5-26 
6015 
7013 
9237 
10-86 
12.26 
14.20 
17.10 
L969 
22620 
24.55 
26-72 
2115 
27-654 
27-58 


DELTA 
D 
00 
025 
°46 
°68 
1.14 
1.71 
2028 
2684 
Se5O 
Bo YAS) 
4.07 
4.39 
4.70 
5-28 
6-38 
7¢40 
8e34 
9-21 
10-01 
10.78 
11.51 
12-88 
14.75 
17.51 
19.96 
22-38 
24.608 
26-90 


27.36 


P 


OXY 


SOUND 


1471. 
1471. 
1471. 
1472. 
1472. 
1472. 
1473. 
1473. 
1471. 
1469. 
1470. 
1471. 
1469. 
1470. 
1471. 
1472. 
1474. 
1476. 
1479. 
1462. 
1489. 
1497. 
1505. 
1514. 
1522. 
1524, 
1525. 
1S525% 


SOUND 


1471. 
1471. 
1471. 
1472. 
1472. 
1472. 
1473. 
1471. 
1469. 
1470, 
1470. 
1469. 
1469. 
1470. 
1471. 
1472. 
1473. 
1474, 
1475. 
1476. 
1477. 
1480. 
1484, 
1490. 
1498. 
1506. 
1514. 
1523. 


1524. 


DEPTH, METRES 


“ 


X1000 


OXYGEN, ML/L 
0.00 2 80 4.00 6.00 8.00 
SALINITY, 0&7 02 
30.50 a1.98 S290 33.50 34.50 
TEMPERATURE, 2C 
Le 4.00 7.00 10.00 13.00 
= 
6 
q 
8 
Y A 
5 AN 
5 AN 
u- 
Li 
5 
) fr 
T , 
8 ; A te 
Y ae Sa 
A. 
pe 
2 Pe 
oq h 
4 
27 
4 Me Sash) PS-s, [oPaS Ee 
8-7 as 
Lh 
° Ais 
ra 
3 M 
“+ & 
S } a se GH 


10.00 
J9¢ 96 


16.00 


OFFSHORE OCEANOGRAPHY GROUP 
REFERENCE NOs 77— l= 42 
POSITION 50= ~e0 (Ne 0 7145— 
HYDROGRAPHIC CAST DATA 


OBSERVED DATA 


PRESS TEMP SAL LEPTH 
0 Def/0 320624 0 

10 5267 32625 10 
19 5-68 32624 19 
28 5069 3520624 28 
44 5.64 32627 44 
62 o<GS 624637 62 
78 elo 320658 a7 
90 4.66 334-014 89 
101 4.68 3534188 100 
110 4643 3346363 109 
L7 5065 33¢435 116 
129 Sage NSe691 128 
139 Sel5 334776 138 
166 4.49 33-801 165 
2168 4.01 334808 216 
Slo 3084 332895 314 
8Ue2 5019 54-289 25 
1U04 2038 3542374 994 


1204 2eo6l S4e441 1192 
1507 2.29 34.2518 1490 
2013 1.94 34.590 1988 
ra sya 1.75 34-4632 2487 
5032 1.59 34-636 2988 
3547 1.52 34.677 3491 
4U65 1.51 54683 3996 
4169 1.51 S4e¢674+ 4098 
4273 1.53 %S4s681 4199 


CATER errr 


-O W 


SIGMA 
T 
oer so 
254741 
25-740 
2567359 
256747 
25-756 
25-969 
26-164 
26.299 
26-6464 
26-386 
26.601 
26-714 
26-805 
26.861 
26-945 
272323 
27-419 
27-496 
27.584 
27.670 
27.718 
Bho Un 
27.771 
2h TTT 
27.770 
27.764 
27-774 


IivNTERPOLATED TO STANDARD PRESSURE 


BRESS TEMP SAL VEPTH 
U 5-70 320624 9) 
10 Seo moOesoco 10 
20 5665 320624 20 
30 5-65 32624 30 
50 5-64 32-631 50 
75 5-25 32-808 US 
100 4,68 334178 99 
25 S05 §~ 33% 612 124 
150 4.86 33-787 149 
75 4.40 336802 174 
c00 4.10 33-806 198 
225 3-99 33-816 223 
250 Se95) 8556859 248 
500 3e86 534861 298 
4U0 3.68 33-993 397 
500 3-52 34-088 496 


o00 3659 oS40165 595 
700 S29 PO4eeol 694 
800 3019 34-286 793 
900 3003 344333 891 
1000 2-89 34.375 990 
1500 20530 34.516 1483 
2UU0 1.95 34-588 1975 
2500 1.76 34-4630 2466 
3000 1.60 34.636 2956 
5500 1.53 34.674 3444 
4000 1.51 3446682 3931 
4100 1.51 354.680 4030 
4200 1.52 344673 4128 


SIGMA 
A 

25-738 
250741 
25-740 
25-740 
25-750 
292937 
262-291 
26-534 
26.753 
26.816 
262-844 
26-868 
26-892 
26-933 
27.041 
27-131 
27.205 
27.268 
27-322 
27-372 
27.417 
27.495 
27-583 
27.668 
27.716 
27.733 
27.768 
27.776 
27.774 
27.768 


shi} 


SVA 


22665 
22663 
22665 
226.7 
22661 
22564 
20562 
186-8 
174el 
15864 
16623 
146.0 
P35 80 
12667 
121.7 
114.4 
81.6 
T7302 
665 
58-7 
51.5 
47.9 
47.0 
44.5 
452 
4b6e1 
4703 
4602 


SVA 


2265 
22663 
22665 
22606 
225-8 
208.3 
174.8 
15203 
131.6 
12567 
123-2 
121.0 
118.9 
11564 
105.9 
9729 
91.6 
86-2 
81-7 
77¢3 
7304 
666 
589 
51.7 
48.0 
47.0 
44,7 
45Sel 
45.5 
46.5 


GMT 


THETA 


5-70 
5°67 
5-68 
5.69 
5-64 
5262 
5e15 
4.65 
4.67 
4.42 
5-62 
551 
5-12 
4.48 
3299 
3082 
3013 
2.81 
2 eo 
2.19 
1.80 
1.57 
1.37 
1.25 
1-18 
1.17 
1.20 
1.18 


THETA 


5-70 
5067 
5268 
5068 
5263 
Deen 
4.67 
554 
4.84 
4.39 
4.15 
3-98 
3293 
3-84 
3265 
349 
3235 
3024 
3-14 
2e97 
2.82 
2.53 
2.19 
1.81 
1.58 
1.38 
1.26 
1.19 
1.18 
1.18 


17-05 


SVA 
(THETA) 
226.5" 
2262 
22663 
220.4 
2256 
224 SF 
204.4 
186.0 
173 34 
157.4 
164.9 
144.4 
ye STs 
12561 
11967 
111.6 

75-6 

66.4 

59.0 

50.5 

42.2 

3704 

3567 

31.8 

30.9 

3165 

32.0 

31.0 


SVA 
(THETA) 
226065 
22002 
22603 
22002 
22502 
207% 5 
173-8 
150.8 
130.0 
124.0 
121.4 
119.0 
116.7 
112.8 
102.5 

9369 

80.8 

80.9 

7507 

70.9 

665 

5921 

50.7 

42.4 

37-5 

3508 

32el 

31.0 

311 

31-6 


STATION 


DELTA 
8) 
00 
0235 
043 
064 
1.u0 
1.41 
1.74 
1.97 
2017 
2033 
2044 
2065 
2077 
3013 
3-76 
4.93 
9.56 
iver 
12.51 
14.39 
17.19 
19.70 
22e11 
24.47 
26-78 
e7eco 
27-70 
27-74 


DELTA 
D 
»00 
0°23 
045 
68 

Fert) 
1.609 
2-16 
2057 
2092 
3024 
3055 
3085 
4.15 
4.74 
5-85 
6.86 
7-81 
8.70 
9.54 

10.33 

11-09 

12.48 

14.36 

liieLe 

19.60 

21.96 

24226 

26.49 

26-94 

27-40 


Pp 


POT. 
EN 
e00 
e001 
004 
e09 
023 
045 
68 
°88 
1-08 
1-24 
1.37 
1.61 
1-80 
235 
3-60 
6-76 
32054 
46284 
62e57 
68-60 
138-63 
196-59 
204.89 
3543299 
43356 
45362 
472058 
474.07 


POT. 
EN 
00 
©01 
°05 
e10 
029 
054 
1.06 
153 
2.01 
2054 
eyo 
3.0380 
4.53 
6-17 
10.12 
14.78 
20-09 
25-97 
32-38 
39027 
46056 
62e22 
88.01 
137-30 
194.03 
260.23 
336.49 
421259 
440225 
459.69 


Oxy 


711 
7.94 
7.07 
7.97 
7.905 
7.94 
7.98 
6-45 
6.10 
5.44 
4.65 
4.05 
3.39 
2eo9 
2.83 
Lo", 

67 

054 

66 

«86 
1.42 
2.93 
2.12 
3.91 
3.21 
3.21 
3.219 
See? 


OxY 


711 
7.04 
CACO 
VeOT 
7205 
7.07 
6.12 
4.24 
3322 
2.96 
2.88 
eugo 
2.51 
2.09 
1.64 
1.33 
1.97 


86. 


267 
60 
054 
66 
085 
1.41 
2e91 
2eti 
2.93 
3.19 
deel 
3.20 


SOUND 


1471. 
1471. 
1471. 
1471. 
1471. 
1471. 
1470. 
1468. 
1469. 
1468. 
1473. 
1473. 
1472. 
1470. 
1469. 
1470. 
1476. 
1478. 
1480. 
1464. 
1491. 
1498. 
1506. 
LSS. 
1524. 
1526. 
1527. 
1528. 


SQUND 


1471. 
1471. 
1471. 
1471. 
1471. 
1470. 
1469. 
1473. 
1471. 
1470. 
1469. 
1469. 
1469. 
1470. 
1471. 
1472. 
1473. 
1474. 
1476. 
1477. 
1478. 
1480. 
1484. 
1491. 
1498. 
1506. 
1514. 
1523.6 
1524. 
1526. 


DEPTH, METRES 


X100 


X10 


X1000 


OXCGEN, MLE 

0.00 2.00 4.00 6.00 8.00 
SALINITY, O/O00 

30... S50 Sk..30 32.50 33.50 34.50 
TEMPERGTURE, © 

Pra 4.00 bo OG 10.00 ¥3. O@ 

6 

7 

8 ‘AX 

y 

5 A, 

9 fr 

4 Zi 

5 

6 

7 A bs 

8 ‘De 

t 

5 vs 

34 $ 

4 - 

kA 

: * - 77 - 1 - SO 

8 

i 

> fh 

a 

qy a + 

=) ee i... 


32 


10.00 
os, Se 


16.00 


OFFSHOKE OCEANOGRAPHY GROUP 
REFERENCE NOe 77—= l= 5O 
POSITION 50- «0 Ne 145= 
HYDROGRAPHIC CAST DATA 


OBSERVED DATA 


PRESS TEMP SAL DEPTH 
0) Se75. 320622 0 

y) 5e66 326622 9 
18 5°69 32620 18 
27 S069 320619 27 
S5 5268 32-621 45 
o7 S007 32620 67 
<ul 5e34 32729 90 
114 4.69 334115 its 
136 4.73 334563 135 
159 4.65 33-762 158 
182 4.42 33-766 181 
(xe) 4.08 334825 can 
276 3e92 334888 274 
372 3-81 34.000 DOO 
470 3e72 342096 466 
=i (ht 3eS4 346145 566 
7o2 3e2e2 342279 ¥ A033 
9535 2083 344374 944 


1146 2e65 3444335 1134 
1436 2630) 6346499 1420 
925 20.01 3542579 1902 
2420 1.78 34-622 2388 
2918 1.61 34-5614 2876 
3418 1.53 346076 3365 
SON. 1.51 34-665 3852 
4016 1.51 394+6663+ 3949 
4116 1.52 34-6608+ 4046 


DATE 
°O0 W 


SIGMA 
T 
Zoe 155 
256741 
254736 
Peon soho) 
250150 
25-738 
25-863 
26-240 
20.590 
26.759 
26-785 
26-867 
20-933 
27.033 
27.119 
Sites Ls 
eueole 
27-419 
27.486 
27.564 
27.656 
27.708 
27.672 
27.770 
27.762 
27¢76% 
27.773 
27.764 


INTERPOLATED TO STANDARD PRESSURE 


PRESS TEMP SAL DEPTH 
0 Selo, Jeebee 0 
1U SeGO, Seebce 10 
20 5669 324620 20 
50 5.69 322619 30 
20 265, S2eOck 50 
GS) Delo. Jes0o9 15 
100 5-06 32-896 199 
125 4e71 334352 124 
150 4.07 33-688 149 
175 4.48 334765 174 
200 4.28 33.790 199 
225 4.10 33-4821 223 
250 4.00 336855 248 
300 3689 33-919 298 
400 3-78 344030 397 
900 3-66 S34elie 496 
600 3048 346168 595 
700 3e31 34-4240 - 694 
500 3e15 34-300 793 


900 2-97 344350 891 
1000 2.82 344389 990 
1200 2659 346447 1188 
1500 2egl S4e5il 1483 
2eud0 1.97 34-4586 1975 
2500 1.75 34s611 2466 
2000 1.00 34.581 2956 
3500 1.53 34-674 3445 
4U00 1.51 34-663 3933 
4100 1.55 34-679 4030 


SIGMA 
T 

255733 
25-740 
254736 
25-736 
25.738 
25.783 
264027 
26.426 
26-696 
266777 
26.819 
26.861 
26.899 
26.961 
27.060 
27.137 
274199 
276272 
27-336 
274392 
27437 
27.502 
27.577 
27.665 
27.702 
27-689 
27.769 
27.761 
27.772 


33 


Of. 2/7T% 


SVA 


227.0 
22603 
22609 
227.0 
227.0 
22702 
215-5 
179-8 
146-8 
131.1 
128.8 
l2lee 
Tiaee 
10665 
99.2 
94.4 
8264 
7269 
67-2 
60-6 
52-8 
48.6 
5263 
444 
4601 
4605 
45-8 
46.5 


SVA 


227.0 
22604 
226-9 
227.0 
227.0 
223.0 
200.0 
16263 
Lome0 
129-5 
125.7 
121.7 
118-4 
112.8 
104.2 
97-6 
92-3 
B59 
80-3 
ED eo 
7164 
65-8 
59.4 
5261 
49.3 
50-9 
44.7 
4664 
45.9 


GMT 


THETA 


573 
5°66 
5°69 
5°69 
5-68 
5-66 
5-335 
4.68 
4.62 
4.41 
4.06 
3-90 
3.78 
3-69 
3.50 
Edel? 
2.82 
2.57 
2026 
1.88 
1.61 
1.40 
1.27 
1.20 
1.18 
Ie 19 
1.18 


THETA 


50735 
5-66 
5-69 
5-69 
5°67 
eos 
5.05 
4.70 
4.66 
447 
4.27 
4.09 
3.99 
3-87 
i ew fs) 
3263 
344 
327 
3-09 


175 


SVA 


(THETA) 


227.0 
22662 
226-7 
226.7 
226-5 
22664 
214.5 
178.7 
145.4 
12944 
127.0 
11961 
112.8 
103.3 
9561 
89.7 
7606 
660-4 
60.0 
52.5 
43-6 
3804 
41.6 
3200 
32035 
3204 
31-2 
32.20 


SVA 
(THETA) 
227.0 
2260635 
22667 
22607 
22064 
22261 
198.9 
161-1 
135-4 
127-7 
123.7 
119.7 
116.1 
110.1 
100.7 
93-4 
8764 
80.5 
74.4 
69-0 
64.7 
58-4 
51.2 
42.7 
389 
399 
32.0 
3264 
3135 


STATION P 


DELTA 
D 
00 
eel 
041 
°62 
1.03 
1.53 
2-04 
2-50 
2-86 
3218 
3048 
4.06 
4.62 
5-68 
6.69 
7-67 
9235 
10.83 
12.18 
14.02 
16.80 
19-27 
21-83 
24eel 
26046 
260935 
27-34 
27-39 


POT. 
EN 
°00 
001 
e004 
°09 
024 
053 
094 
1-41 
1-87 
2035 
2288 
4.09 
Sisto 
9.03 
BSA 
18-52 
29-92 
42684 
57-22 
81-49 
128-86 
183-57 
25339 
329292 
414.29 
432.91 
450.01 
452.00 


POT. 
EN 
U0 
e001 
°05 
©10 
29 
e065 
1-13 
1-65 
2-16 
2e71 
332 
399 
4e71 
6-33 
10.19 
14.80 
20°14 
26-04 
32239 
39-12 
46021 
61-55 
87228 
136-72 
193-40 
266-19 
342081 
429-82 
448.94 


OxY 


6.94 


7.90: 


7.01 
7.91 
7.90 
7.15 
6.86 
6.22 
4.72 
3.70 
3029 
2.72 
2.01 
1.32 
1.02 

098 

065 

61 

265 

78 


1.2d% 


1.91 


2eaer 


2.91 
3.15 
3.12 
3214 
53.16 


OXY 


6.94 
7.90 
7.91 
7.91 
7.04 
7294 
6.58 
543 
4.08 
Del 
3.96 
2.76 


ee 
312 
3.214 


SOUND 


ANTS 
1471. 
a7 
TUT. 
1471. 
172) 
V7 1. 
1469. 
1470. 
1470. 
1470. 
1469. 
1470. 
1471. 
Te72. 
1473. 
1475. 
THT 7. 
1479. 
1483. 
1490. 
1497. 
1504. 
1512s 
1521. 
1523. 
1525. 
1525. 


SOUND 


1471. 
1471. 
1471. 
1471. 
1471. 
1471. 
1470. 
1470. 
1470. 
1470. 
1470. 
1469. 
1469. 
1470. 
1471. 
1472. 
1475. 
1474. 
1475. 
1476.6 
1477. 
1480. 
1484. 
1491. 
1498. 
1506. 
1514. 
1523-6 
1525. 


DEPTH, METRES 


34 


OXTGEN, “MEAL 

0.00 e.00 4.00 6.00 
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OFFSHORE OCEANOGRAPHY GROUP 
REFERENCE NOs 77—= l= 55 
POSITION 49-1720 Ne 
HYDROGRAPHIC CAST DATA 


DATE 14/7 2/77 
134-40.0 W 


OBSERVED DATA 


PRESS TEMP SAL. DEPTH SIGMA  SVA 
T 
Or Beaew S32ch0n 0.254.233. 4274,.5 
8 8617 324408 8 *25.200 =275.0 
15 98347 3323420 15 *2Z5%209 57372 
23 eile 53254612 23 #25 ete 274%0 
38 8.16 32.418 38 €257249. Fa73¢5 
58 6.14 32.420 58 §251254 27344 
#78 8.llo S32%429 78 25.267 272.5 
99 6.32 324758 98 25.767 224.9 
119. %537%6 3323977 118 26.009 202.1 
139 5.88 334353 138 26.290 17546 
159 5.91 33-607 158 26.487 157.3 
201 5.54 53.851 200 266725 13562 
244 5.11 336875 242 26.794 12848 
329° 4.56 33-940 S27 7266907 T1657 
17 6a’ Oe W214 “269994 “111.0 
507 3.98 34.063 503 27.066 104.7 
688 3.60 34.165 682 276185 9464 
870 3626 34.292 862 27.319 826 
1049 2.99 34.382 = 11039 27241574 
1298 §=6.2.62 «034.460 3861285 27.510 657 
1507 i260 S4.u61 Weds @7ésis “essa 
INTERPOLATED TO STANDARD PRESSURE 
PRESS TEMP SAL ULEPTH SIGMA SVA 
‘i 
0 “6.22 —32.408 0 25.233 274.5 
0 Sach? S32sen2 fo #25 923_267377 
20 8618 326415 20 825. 24 €373.7 
30 8817 J326815 30 ©250885 “273.8 
50 6615 32.419 50 “253252 (273.4 
75 8.11 -326428 75 254265 272.6 
100 6628 324775 99 256786 22361 
125 5.80 334100 124 266101 19364 
150-5690 «534497 149 "2oia02 *f65.2 
175 5.76 334706 174 26-6583 14863 
200 5.55 «33.844 199 266718 13568 
225 5629 33-865 223. 266765 13165 
250 5.06 33-860 248 26-804 128.0 
300 4.73 33-920 298 26.873 121.8 
400 4.27 33.991 967 / #267979 iT1203 
500 4.00 34.059 496, 276061 (105.2 
600 3677 34.119 56, eerlise *iogso 
700 3657 34.174 693. 276195 9365 
600 34638 344247 792 276271 86.8 
900 3.21 34.308 891 276336 6140 
1000 3.06 34.359 990 27-391 7663 
1200 2.76 =34.6431 41187 276475 6828 


GMT 


THETA 


8022 
8.17 
8017 
8.18 
8-16 
8-13 
8.09 
6631 
575 
5-87 
5-90 
5-52 
509 
4.53 
4.18 
394 
3255 
320 
2.92 
Cm ike fe! 
2e51 


THETA 


822 
8.17 
8.17 
8.17 
814 
8.10 
6-27 
5-79 
5-88 
5275 
Sicoo 
5027 
5-04 
4.71 
4.24 
3-96 
3-73 
3253 
me re Pe) 
vel) 
2.99 
2067 


16.5 


SVA 


(THETA) 


274.5 
273-8 
272.9 
27346 
27229 
27264 
271-2 
22306 
200.6 
173.9 
155.2 
132.6 
126.0 
115.2 
106-9 
100.0 

88.7 

759 

6607 

576 

5703 


SVA 
(THETA 
274.5 
7d Aes Whe 
2735-4 
LAT RSIS 
272-6 
271-4 
221.8 
191.8 
163-62 
1460.0 
13363 
128.7 
1251 
118.5 
108-4 
100.5 

93-8 

87.7 

80.5 

74.2 

69.0 

60-9 


STATION 


DELTA 
D 
00 
022 
041 
063 
1.05 
1.60 
2015 
2-65 
3-08 
346 
379 
Ge4) 
4.96 
602 
703 
8-00 
9.79 
11.40 
12.80 
14.54 
14.59 


DELTA 
D 
e00 
e27 
©55 
e82 

1.37 
2.05 
2268 
3-20 
3205 
4.03 
4.39 
4.72 
5-04 
SSE 
6-84 
7-92 
8.94 
9.91 

10.81 

11-65 

12.43 

13.88 


8 


POT. 
EN 

0 0.0 
01 
°03 
07 
°20 
047 
86 
1-31 
1.78 
2-28 
2079 
3092 
5-18 
827 
12.09 
16.65 
27258 
40.31 
54.00 
T4075 
75 046 


POT. 
EN 
00 
O01 
06 
e13 
°35 
78 

1.34 

1.94% 

2056 

320 

3-88 

4.60 

5-338 

els 

1129 
1627 
21.99 
2839 
35-27 
42653 
50.14 
66653 


OxY SOUND 
1480. 
1480. 
1480, 
1481. 
1481. 
1481. 
1481. 
1475. 
1473. 
1475. 
1475. 
1475. 
1474, 
1473. 
1473. 
1474, 
1475. 
1477. 
1479. 
1482. 
1482. 


OXY. SOUND 
1480. 
1480. 
1481. 
1481. 
1481. 
1481. 
1475. 
1474, 
1475. 
1475. 
1475. 
1474, 
1474, 
1473. 
1473. 
1474, 
1475. 
1475. 
1476. 
1477. 
1478. 
1480. 
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OX GEN, MEE | 
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W. Og 7.00 10.00 13.00 16.00 


Zi 


rA ks 


AK 


ALS 


LP 


37 


OFFSHORE OCEANOGRAPHY GROUP 

REFERENCE NO- 77= l= 59 DATE 157 2707 GMT 2365 

POSITION 48=46-.0 Ne 127-40.0 W STATION 4 
HYDROGRAPHIC CAST DATA 


OBSERVED DATA 


PRESS TEMP SAL DEPTH SIGMA SVA THETA SVA DELTA POT. OXY SOUND 


T (THETA) D EN 

0 9.25 324396 0 25-066 29064 9-25 290-4 00 00 1484. 

9 9.19 32392 9 25-072 289-9 9.19 289-8 26 01 1484. 

18 9621 32392 18 254069 2904 9.21 290.0 053 ©05 1484, 
27 9623 32397 27 2546070 290-5 9.23 290.0 °79 e1l1 1485. 
45 9.30 32428 45 25-083 289.5 9-30 288-47 1-31 230 1485. 
68 9.11 326436 68 256119 286-5 9.10 285-2 1.99 70 1485. 
91 7-16 32-906 90 2546773 224.4 TiS 223el 2-55 Leis 1478. 
114 7e5l 334166 113° 25-956 207.4 7-30 205-6 3205 1.67 1480. 
136 7-00 334459 135 266229 181-8 6.99 179.7 3648 2022 1479. 
158 Tali. O59606 157 26.360 169.7 7-15 167-2 3-87 2-80 1481. 
180 60693 33-784 179) 260493) 15764 6-91 154.5 423 3042 1480. 
226 6071 335-904 224 266617 14602 6.69 142.7 4.92 4 BY 1480. 
270 6624 334932 268 264701 13866 6622 134.7 555 6043 1479. 
359 5046 334993 356 26-6846 125-5 5-43 120.9 6672 10.17 1477. 
447 4.94 34.056 444 266957 11565 4.90 110.4 7279 14.55 1477. 
336 4.65 34.116 532 27-037 108-6 4.61 102.7 8+78 19.54 1477, 
TES 4.12 S4e2he2 709 27.2194 94e7 4.07 87.8 10-59 31-06 1478. 
897 3e71 = 34e342 889 27.315 8461 3264 76.2 1222 44639 1479. 
1065 3029 346416 1075 27.2415 7502 3021 66-7 13-72 59.50 1481. 
1372 2.68 34-486 1358 27-526 64.9 2-58 5661 1572 84.58 14865. 
1383 20667 346492 1369 27.532 6464 2057 55e¢5 15-79 65-60 1485. 


INTERPOLATED TO STANDARD PRESSURE 


PRESS TEMP SAL DEPTH SIGMA SVA THETA SVA DELTA POTe OXY SOUND 


T. (THETA) D EN 

0 9.25 32396 0 25-066 290.4 9.25 290.4 00 00 1484. 
10 9.19 324392 10 25-072 290.0 9-19 289-8 29 01 1484. 
20 9.21 324395 20 25-069 290.4 9.21 290.0 058 e06 1484. 
30 9624 326403 30 25-073 29063 9-24 28947 87 013 1485-6 
50 9.25 324450 50 254092 2888 925 28728 1645 037 1485. 
1D 8647 326591 75. 250338 8=6265e7 8-46 264.4 2017 083 1483. 
100 7023 33-4020 99 25.853 217.0 7022 21564 2.76 135 1479. 
i125 7014 33322 124 26.101 19367 7e13 191.8 3028 1.95 1479. 
150 7ell 33-588 149, 26.315 173-9 72-10 171.5 375 2058 1480. 
1:75 6698 33-756 174 26.464 160-41 6.97 15763 4.15 3027 1480. 
200 6683 334840 199° 26.551, 15261 6-81 149.0 4.54 4.01 1480. 
225 6671 334903 224 266616 14643 6-69 142-8 4.91 4.82 1480. 
250 60644 334920 248 26.666 141.8 6642 13861 5-27 5-69 1479. 
390 §.95 -352955 298 26.756 13346 5092 129.5 5-96 7062 1478. 
400 5-20 34-024 397 26.901 120+5 Sei? 115.7 7e25 12614 1477. 
500 4.76 342093 496 627.006 111-3 4.72 105-7 8-38 17.43 1477. 
600 444 342165 595 27.098 10361 440 96.9 9-46 23644 1477. 
700 4.16 34235 694 27.182 958 4.11 889 10645 30-02 1478. 
800 3-92 34-291 793 276254 89.5 3.86 82.0 11438 37210 1479. 
900 3670 346343 892. 274317 84.0 3264 76-0 12624 44.60 1479. 
1000 3e47 34-384 991 274372 7920 3-40 7068 13-06 5249 1480. 


1200 3003 34e446 1187 274463 70.8 2294 62-¢1 14.655 69-23 1482. 
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Figure 7. Salinity difference between hydro data and STP. 
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Figure 8. Temperature difference between hydro data and STP. 
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UFFSHORE OCEANUGRAPHY GROUP 
REFERENCE NOe 
48—-33¢-¢0N>s 
KESULTS CF STP CAST 


POSITION 


PRESS 


3e 


106 
lle 
13. 


156 
16 


1B. 
iGe 
2le 
22e 
236 
240 
276 
29 « 
3le 
32e 
346 
37e 
39e 
&O06c 
41e 
426 
436 


TEMP 


t= T= 


SAL 


31.205 
31207 
31.256 
31.79 
32014 
32649 


i 


125-33-0W 


DEPTH 


0 
10 
20 
30 
50 
75 


SAL 


31.05 
31206 
31-07 
31.07 
31-207 
314207 
312206 
31206 
31-07 
31-09 
31-215 
3le2e 
31-28 
31235 
3142 
31247 
31¢54 
1450 
31260 
31263 
31-266 
Sil es 2 
3Slel? 
31+«8e 
31-83 
312834 
31284 
31286 
31-87 
31-94 
31-98 
32-01 


43 


DATE 


SIGMA 
T 
24.06 
24609 
24041 
24054 
24274 
25016 


THR ere 
GMT 23646 
64 POINTS TAKEN FROM ANALUG TRACE 


SVA 


3858 
3838 
353063 
341.0 
32320 
28302 


DEPTH 


44 « 
456 
466 
47 
50 « 
Sle 
S2e 
SS e 
366 
S7e 
586 
60 
61 e 
626 
65 e 


666 


67 e 
686 
706 
726 
736 
T4 0 
T5356 
T66 
786 
T9 6 
80 « 
Ble 
B2e 
B3e 
B46 
BSe 


DELTA 
D 
0-0 
0-38 
Oe (G2) 
1210 
Le 77 
2053 


TEMP 


9285 
9-91 
1004 
10.07 
10-06 
10-06 
10-06 
9.99 
9-93 
9-285 
Ge 73 
9255 
9-50 
924G 
9247 
9245 
9244 
9243 
9-40 
Geii 
Geet 
9.18 
9-14 
9Gei3 
Ge 04 
8e99 
Be97 
B8e97 
8+ 76 
Be 69 
8256 


POT. 
EN 
020 
0.02 
02908 
Oel6 
0244 
0-92 


SAL 


32-05 
32-06 
32-09 
32eli 
32014 
3215 
32°¢15 
32e19 
Beeee 
Se eee 
ewe 
Ke ay ir Be 
32e259 
aeeeo 
32027 
32028 
Sacer 
i a ake he) 
32e4i 
32 048 
32248 
32493 
32049 
ete a0) 
32-50 
32450 
3250 
32250 
3250 
32250 
32-50 
32250 


“STATION 1 


SOUND 


1481. 
148316 
1484. 
14856 
14386 
14856 
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OFFSKORE OCEANOGRAPHY GROUP 
REFERENCE NOe 
48—=38-20N 9 
RESULTS OF STP CAST 


POSITION 


PRESS 


¢) 
10 
20 
30 
roe) 
75 


DEPTH 


TEMP 


9-200 
9204 
9225 
9252 
9e29 
8235 


TEMP 


9.00 
8.98 
9-02 
9e 03 
9-01 
9.03 
9203 
9204 
9-04 
9-04 
9-18 
9230 
Gel 
9239 
Ge4l 
9236 
9225 
9.230 
9e33 
G9e33 
9230 
9042 
9243 
92952 
9e54 
9259 
9260 
9e61l 
9e61 
9-65 
9272 
9e73 
9-266 
9065 


tt i~ 


SAL 


30239 
30-59 
31-08 
31255 
31¢83 
32e5S2 


126- 


é 


0. Ow 


45 


DATE 
GMT 


8/7 
le2 


1/77 


STATION 2 


68 POINTS TAKEN FROM ANALOG TRACE 


DEPTH 


6) 
10 
20 
30 
50 
7S 


SAL 


30039 
30239 
3039 
3040 
3040 
30041 
30<e41 
30250 
3059 
30264 
30e71 
30-78 
3079 
30288 
30-96 
31205 
3108 
Biel? 


31624, 


3le2s 
3140 
3146 


BLA GE 


31.55 
31-256 
3160 
31.63 
31264 
31-270 
3Jle 74 
31-77 
31278 
31-79 
31.79 


SIGMA 


“- 
23254 
23269 
24204 
24236 
24-62 
25230 


SVA 


4358 
4219 
38826 
358-0 
334e1 
26907 


DEPTH 


45 e 
466 
47e 
496 
50 e 
Sle 
52 e 
536 
546 
55 6 
566 
S57. 
5Be 
59 e 
60-6 
Ele 
626 
O4e 
656 
666 
E7e 
“686 
696 
T7086 
Tle 
736 
T4 @ 
Tle 
796 
B06 
Ble 
B2e 
B36 
B4e 


DELTA 
D 
0-0 
0243 
Oo 84 
1e2l 
1.90 
2.66 


TEMP 


9e75 
9.70 
9259 
Ge4l 
9e2S 
9e23 
9220 
9226 
Ge27 
9214 
G9e28 
9ene23. 
Ge 33 
9244 
Gee2 
9200 
9200 
8-99 
8.99 
8.99 
9.06 
8-82 
8e40 
Be2e2 
Be33 
Be 42 
8236 
Be 34 
Be32 
8e31 
8+ 30 
Be29 
Be 29 
8e28 


POT. 
EN 
0.0 
0-02 
0.08 
0-18 
0e46 
0.94 


SAL 


31.80 
31-80 
31.80 
31.81 
31.83 
3184 
31.88 
31 e394 
31.695 
32201 
32203 
32404 
32-205 
32ei1l 
32ele2 
32214 
32615 
32-18 
See ce 0 
Rae ae 
32429 
32028 
320637 
3240 
3243 
32647 
S2000 
32:49 
a A eo WA 
32-58 
32<60 
32-60 
32-60 
32-261 


SOUND 


1481. 
1481. 
14336 
14856 
14856 
1482. 
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OFF SHURE OCLANOGRAPHY GROUP 


REFERENCE NUe 


POSITION 
RESULTS 


PRESS 


OQ 

10 
20 
30 
50 
7S 
100 
125 
150 
175 
200 
225 
250 
300 
400 
500 
600 
800 
1000 
1200 


77= Le 


48—74220Ne 
OF STP CAST 


TEMP 


9246 
9246 
9-46 
9-46 
9.09 
7264 
7289 
7299 
7292 
7-79 
7265 
7249 
Ve 36 
7ell 
5-89 
5e21 
4268 
3296 
Je 41 
2097 


SAL 


32220 
32.21 
32021 
32021 
32446 
32.85 
33.39 
33.63 
33.72 
33.79 
33.84 
33.88 
33.91 
35294 
33-96 
34204 
34611 
34.30 
34.39 
34043 


3 
126-40.0W 


47 


DATE 
GMT 


8/ 1/777 
3.3 


STATIUN 3 


177 POINTS TAKEN FROM ANALOG TRACE 


DEPTH 


) 
10 
20 
30 
50 
75 
99 

124 
149 
174 
199 

223 

248 

298 

397 

496 

595 

793 

991 

1168 


SIGMA 
T 
24.288 
24289 
24289 
24-89 
25014 
25266 
26205 
26022 
26031 
26238 
26044 
26249 
26253 
26059 
26077 
26-91 
27203 
27226 
27039 
27246 


SVA 


308.0 
3OTe7 
307¢9 
3C8el 
28402 
23520 
198¢9 
18207 
17504 
1689 
16344 
15826 
15563 
150el 
134.0 
1209 
11062 

89 04 
7728 
7104 


DELTA 
D 
0.0 
Oe3l 
0-62 
O0«9e 
1.53 
2e17 
2e7l 
3219 
3263 
4 «06 
4-48 
4.88 
Se27 
6203 
72495 
Ge?2 
Ge 88 
11.88 
13.253 
1Se 02 


POT e 
LIN 
029 
0202 
0-06 
0014 
0.39 
0280 
Lle2e7 
1.81 
224% 
3e15 
3e95 
4282 
5e77 
7290 

12.96 

18677 

25026 

39245 

54e59 

7ie18 


S UU ND 


14856 
14356 
14856 
14856 
14856 
14806 
14826 
14836 
1483.6 
14836 
14836 
14836 
14836 
14836 
1480. 
14796 
14786 
14796 
1480.6 
148le 


300 


DB 


600 


CO 
C 
© 


PRESSURE 


ee 


1500.5 


EMT eth Leer 
4 8 ee 


Lb 
REF. INO. 77 =. Be 
| UB-U6.0 N 127-40.0 W 
M@.-1 DAY-8 GMT-6.6 
C oho. 2 By 
SALINITY, O/O00 


OFFSHORE QCEANUGRAPHY GROUP 
REFERENCE NOe 77— Im 
48-46-0N. 
RESULTS UVF STP CAST 


POSITION 


PRESS 


QO 

10 
20 
30 
50 
7S 
100 
125 
150 
175 
200 
225 
250 
300 
400 
500 
600 
800 
1000 
1200 


TEMP 


9249 
9250 
9e50 
9e50 
9eS2 
72 85 
7246 
7203 
7215 


6-96 


6.67 
6448 
6-19 
Se80 
Se02 
4.80 
4245 
3297 
3249 
3207 


~SAL 


32e3l 
32e3l 
32031 
32031 
32e31 
32269 
23213 
33243 
33-67 
33-81 
33¢ 86 
33-89 
33-90 
33093 
33096 
3406 
34214 
3427 
34235 
34241 


4 ‘ 
127-40.0W 


49 


DATE 
GMT 


8/ 1/77 
606 


STATION 4 


226 POINTS TAKEN FRUM ANALOG TRACE 


DEPTH 


) 
10 
20 . 
30 
50 
75 
99 

124 

149 

174 

199 

223 

248 

298 

397 

496 

595 

793 

991 

1188 


SIGMA 
1 
24296 
24-96 
24.96 
2496 
24295 
25651 
25691 
26220 
26-38 
26e51 
26659 
26264 
26 068 


26076. 


26-88 
26-98 
27208 
27224 
272¢35 
27043 


SVA 


30004 
300¢5 
3O1lel 
30104 
302ce2 
24928 
21i2e1 
184.3 
168.4 
15528 
148.7 
144.5 
140.2 
L337 
123.20 
11402 
icSe0 

91.6 

81.8 

73-8 


DELTA 
D 
Oo 
02.30 
02e60 
0290 
1.Sl 
2e2l 
2279 
3029 
373 
4e13 
4e5i 
4.288 
502% 
5292 
Te2l 
8239 
9248 
11245 
13219 
14¢74 


POT e 
tN 
0-0 
0202 
0.06 
0214 
Oe3E 
0-83 
1.34 
1.92 
2053 
2220 
3092 
4e72 
9e58 
7049 
12-08 
17248 

23-63 

37265 

53-50 

70093 


SUUND 


14856 
14856 
14856 
1486.6 
1486.6 
1481. 
1480. 
1479.6 
14806 
14806 
1480. 
14796 
1478. 
14786 
14766 
1477. 
1477. 


‘14796 


14806. 
1482. 


300 


DB 


600 


CO 
cS 
SS 


PRESSURE 5 


1200+ 


1500.5 


32 
SALINI 


TEMPERATURE. © 
s 8 ie 


PREP, NG, 9? = om a 


f 86-51.0 N 12886=40.0 WW 


MB.=l BDAT=8 GHT=hlas 


33 
dy 


3 
. Cie 


16 


35 


OFFSHORE OCEANGGRAPHY GROUP 


REFERENCE NOe 


T7=- l= 
48=-51-20N, 


CF STP CAST 


POSITION 

RESULTS 
PRESS TEMP 
0 10.02 
10 10.02 
20 10.03 
30 10-03 
50 10.03 
75 8.05 
100 7.200 
125 6.86 
150 6081 
175 6670 
200 6.63 
225 6046 
250 6018 
300 5.77 
400 5012 
500 4.72 
600 4026 
800 3.87 
1000 3041 
1200 2094 


SAL 


32230 
32230 
3229 
32229 
320e27 
32.56 
32278 
33214 
33042 
33264 
33-83 
33-87 
33288 
33-90 
33497 
34204 
34.209 
34223 
34234 
34240 


128-40. 0w 
210 POINTS TAKEN FROM ANALOG TRACE 


DEPTH 


51 


DATE 


8/7 1/777 


GMT 10¢3 


SIGMA 
T 
24-87 
24-87 
24.86 
24.85 
24-85 
25237 
25-69 
26200 
26023 
26441 
26257 
26263 
26267 
26674 


26087 


26.97 
27206 


27021 


27035 
27 044 


SVA 


309.3 
309-8 
31067 
3114 
31226 
262 «4 
23202 
203-7 
1€263 
165el 
150e2 
145-6 
1416 
135-6 
123-8 
114.5 
106.6 
9306 
8126 
7304 


DELTA 
D 
0.90 
Oe 31 
0.62 
0-93 
1.56 
2e30 
2092 
304d 
32 S4 
4.237 
4.276 
5013 
5249 
6219 
72048 
8e 67 
Ge79 
Lle77 
13-51 
15206 


POT. 
EN 
020 
0-02 
0206 
Oe 14 
Oe 40 
0287 
1242 
2-03 
2e71 
4217 
4.97 
5 234 
7279 

12.41 

17686 

24.209 

38 e22 

54.15 

71245 


STATION 5 


SIJUND 


1487-6 
1487. 
1487.6 
1488. 
1488.6 
1481. 
1478.6 
1478.6 
14796 
1479-6 
14796 
1479-6 
1478-6 
1478. 
1477. 
1477. 
L477. 
1478-6 
1480. 
148le 


300 


DB 


600 


CO 
© 
OF 


PRESSURE, 


1e2UU 


19005 


TEMPERALEN Es © 
4 8 le 


16 
Leaner Wbaine 
REF. NO. 77 = 1-6 
u9-2.0 N 130-U0.0 4 
Ma.-1 DAY-8 GMT-16.5 
C 39 S oa 
SMA 1 OO yy 


OFFSHORE OCEANOGRAPHY GROUP 
REFERENCE NOec 


POSITION 
RESULTS 


PRESS 


6) 
10 
20 
30 
50 
75 

100 
125 
150 
175 
200 
225 
250 
300 
400 
500 
600 
800 
1000 
1200 


49°= 


77= I= 
2eONe 


OF STP CAST 


TEMP 


3e89 
Ge 89 
9.89 
9289 
9e9l 
6297 
6e41 
60593 
6259 
6e4i 
6646 
6e09 
5-65 
5e14 
4.50 
4213 
3097 
3.59 
3223 
2e85 


SAL 


320495 
32044 
32044 
32244 
32244 
32e72 
32079 
33219 
33254 
33477 
33-85 
33287 
33-87 
33287 
33094 
34204 
34el2 
34e27 
34234 
34240 


~& 
130-40.0W 


DEPTH 


0 

10 
20 
30 
50 
75 
99 
124 
149 
174 
199 
223 
248 
298 
397 
496 
595 
793 
991 
1188 


53 


DATE 


" SIGMA 


1 
25201 
25-00 
25200 
25200 
25-00 
25265 
25-78 
26208 
26035 
26-53 
262-61 
26 67 
26673 
26e79 
26-91 


27203 


27el2 
27027 
27236 
27244 


B8/ 1/77 
GMT 16¢5 
188 POINTS TAKEN FROM ANALGG TRACEtL 


SVA 


29602 
29702 
29766 
DVT 
29802 
235-8 
223-28 
19568 
170e83 
154.61 
14667 
1408 
135e7 
1303 
119-0 
10804 
101-0 


| 87 e7 


7904 
7203 


DELTA 
D 
0.0 
QO.230 
0.59 
0289 
12649 
2e14 
2072 
3223 
3268 
4.09 
4246 
4282 
 Se16 
5 83 
7207 
8e21 
9e25 
Leis 
12079 
14.30 


STATIGN 6 


POT e 
EN 
020 
0202 
0.06 
O14 
02-38 
0.79 
1.230 
1290 
aie 3.3 
3219 
3e91l 
4.268 
5252 
7238 
11-81 

17.201 

22286 

36e19 

591643 

68.37 


SUUND 


14876 
L437. 
4.91720 
14876 
14886 
1477. 
14756 
1s tis 7) Zire 
1478. 
14796 
14796 
1478-6 
1476. 
1475-6 
1474.6 
1474. 
14756 
L477. 
1479 
1481. 


308 


DB 


600 


CO 
es 
CS 


PRESSURE, 


12004 


150025 


TEMPERRTURE. £ 
4 8 le 


16 
REF. NO. 77 - 1-8 
ug-10.0 N 132-40.0 W 
Md.-1 DAY-9 GMT-0.3 
C 33 3 =e 
SALINITY, @/Oe . 


OFFSHORE OCEANUGRAPHY GROUP 


REFERENCE NUe 


POSITION 


PRESS 


0) 

10 
20 
30 
50 
7> 
100 
125 
150 
17s 
200 
225 
250 
300 
400 
500 
600 
800 
1000 
1200 


vr io 


49~102¢0N>e 
“RESULTS OF STP CAST 


TEMP 


9268 
9-68 
9.68 
9-68 
9268 
72 74 
6047 
6219 
6.19 
9294 
5261 
5028 
3209 
4-80 
4228 
4207 
3-78 
3e5i1 
3210 
2.78 


SAL 


32033 
3233 
32232 
32032 
32032 
32262 
32074 
33219 
33263 
33-81 
33685 
33486 
33486 


33290 


33299 
34-05 
34el2 
34¢26 
34235 
34241 


8 
132-40-0W 


55 


DATE. 
GMT 


9/ ATT 
ie a 


STATION 7 


194 POINTS TAKEN FRUM ANALOG TRACc 


DEPTH 


0 
10 
20 
30 
ro @) 
41> 
99 

124 
149 
174 
199 
223 
248 
298 
397 
496 
595 
793 
990 
1188 


SIGMA 
T 
24e95 
24.94 
24-94 
24294 
24294 
25047 
25473 
26012 
26248 
26265 
26671 
2676 
26-79 
26285 
26-98 
27205 
27214 
27-27 
27.38 
27246 


SVA 


301-8 
302-5 
30302. 
30304 
30307 
2535 
2283 
1916 
1586 
142.5 
13604 
131.8 
12907 
12441 
112.3 
106.4 

9809 

87 3 

7705 
7007 


DELTA 
D 
0.9 
0-30 
0-61 
0-9l 
1e52 
2e25 
20e 84 
3237 
30 &l 
4.18 
4.253 
4&7 
S019 
Se 8&3 
7201 
82-10 
Ge1l3 
10.97 
12-61 
i4.fr0O 


POT. 
EN 
020 
0202 
0-06 


Oeoe14. 


0239 
0.85 


i. 38. 


1.98 
2059 
3e21l 
3-88 
4.60 


3 e40 
Tel? 


11<377 
16237 .. 


22e13 
35023 
5029 
66.95 


SUUND 


1486-6 
1486.6 
14366 


14866 


1487. 
14806 
1476-6 
1475e 
14766 
14766 
14756 
1474. 


Se ot 


1474. 
1473-6 
1474.6 
14756 
1477. 
147G-. 
1481. 


300 


DB 


600 


CO 
© 
es) 


PRESOUNE. 


1200 


56 


TERRA URE , CC 
* 5 lace 


BEF NNO. ¢ a 7-— reste oe, 
4W9-17.0 N 134-H0.0 W 
M0.-1 DAY-9 GMT-6.2 


C 33 
SALINITY 


3 
, VO U0 


D2 


OFFSROGRE OCEANCGRAPFY GROUP 
RLFERENCE NOec 
PUSITION 


PRESS 


0 

10 
20 
30 
50 
“ 
100 
125 
150 
175 
200 
225 
250 
300 
400 
500 
600 
800 
1000 
1200 


T7= Ie 


49-17-20N, 
RESULTS OF STP CAST 


TEMP 


8232 
8Be32 
Be 33 
Be 34 
8-230 
Tel7? 
6203 
6e02 
995 
5282 
5-60 
5042 
5e15 
4. 84 
4e31 
3097 
3e 71 
3e33 
3-00 
2265 


SAL 


32-38 


32237 
32e37 
3237 
32¢36 
32262 
32293 
33044 
332609 
33-80 
33284 
33.86 
33-86 
33-88 
33497 
34.06 
34014 
‘34028 
34.37 
34242 


9 


134-40.0W 


57 


sires 
GMT 


97 1/77 


662 


STATIUN 8 


164 POINTS TAKEN FROM ANALOG TRACE 


DEPTH 


0 
10 
20 
30 
50 
7S 
99 
124 
149 
174 
199 
223 
248 
298 
397 
496 
995 
793 
990 
1186 


SIGMA 
T 
25220 
25219 


25019 


25-19 
25218 
25246 
25-94 
26234 
26255 
26265 
26071 
26675 
26278 
26283 
26¢96 
27-07 
27216 
27230 
27240 
27248 


SVA 


278-0 
27961 
279 24 
279-8 
28043 


25368 - 


208 04 
170-8 
151.7 
1419 
136-8 
1334 
130-6 
126-0 
114-0 
10428 
9667 
8309 
7501 
68e3 


DELTA 
D 
02.0 
0228 
0-56 
0. &4 
1.640 
2209 
2266 
3e1i3 
3e53 
3.90 
4e24 
4258 
4eG1 
556 
6275 
7285 
Be35 
kOe 66 
12224 
13268 


POT. 
EN 
0.0 
0.01 
0206 
O21 3 
Q236 
0280 
1.230 
1284 
2240 
3200 
3267 
4240 
5220 
7200 


Wise? 


160627 
2189 
34275 
49-26 
65 e32 


SUUND 


1481 6 
1481. 
1481. 
1481. 
1481. 
1480. 
1474. 
14756¢ 
1476.6 
1476-6 


1 475% 


14756 
1474.6 
1474.6 
14736 
14746 
1474.6 
1476.6 
1478-6 
14806 


300 


ag) 
500 


hs 
—) 
= 


PRESSURE, 


1200 


19005 


TEMPERATURES. € 
“ 8 re 


? 16 
ae, 
ere. NOL. WP - rads) 8) 
U9-26.0 N 136-40.0 W 
NOt os URT S29 GAT ke. 
32 33 3 es 
SALINITY, 0/00 


OFFSHORE OCEANOGRAPHY GROUP 
77 l= 10 


REFERENCE NOce 
49—-2620N>. 


POSITION 


"RESULTS OF STP CAST 


PRESS 


0 

10 
20 
30 
50 
7S 
100 
12s 
150 
175 
200 
225 
250 
300 
400 
500 
600 
800 
1000 
1200 


TEMP 


8216 
8e15 
7299 
7e¢ 82 
7233 
5e62 
5¢38 
5244 
5246 
Se27? 
5200 
4.250 
4.208 
3¢88 
3-67 
je 26 
2e91 
2.63 


SAL 


32249 
32250 
32-51 
32253 
32<¢ 54 
3267 
32-92 
J33¢23 
33265 
33483 
33-85 
33-86 
33487 
33291 
34200 
34.07 
340.16 
34430 
34037 
34042 ~- 


136-40-0W 


DEPTH 


0 
10 
20 
30 
50 
7S 
99 

124 
149 
174 
199 
223 
248 
298 
397 
496 
595 
793 
990 
1188 


59 


DATE 


94 14777 


GMT 1l2eS 
191 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
T 
25031 
25231 
25235 
25238 
25-39 
25257 
25-98 
26025 


26258 


26-72 
26275 
26280 
26-83 
26-89 
27-01 
27209 
272-18 
27233 
27e4l 
270248 


SVA- 


26726 
26704 
26420 
261.6 
260el1 
24402 
20463 
178e9 
148.5 
1356 
1324 
1286 
125-8 
120.0 
109-9 
1029 
9467 
81-5 
T4e2 
68el 


DELTA 
9) 
OeC 
Oe27 
o. 23 
0.80 
1.32 
1.296 
2250 
2099 
3240 
375 
4.C8 
4e41 
4273 
5e 34 
6049 
7056 
8255 
10e¢31 
11.87 
1329 


STATION 9 


PUT e 
EN 
0290 
0-01 


0.05. 


Oel2 
0233 
0.74 
Le22 
1278 
2236 
2093 
3eS7 
4028 
5205 
6278 


10687. 


15275 
21230 
33-80 
48.06 
63-98 


SUUND 


14806 
1480.6 
14806 
1480. 
14806 


14796 


LiGu%2's 
1472.6 
1473-6 
1474.6 
1474. 
1473-6 
Oe 
LAZa 
14726 
1473-6 
1474. 
1476.6 
1478. 
1480. 


300 


DB 


600 


CO 
= 
© 


PRESSURE: 


1200: 


1900.5 


TEMPERATURE, C 
Ls ag 8 12 


16 
AREF. NNO. 777-- li--t0) 
4U9-34.0 N 138-40.0 WN 
M0.-1 DAY-9 GMT-18.4 
C Sh s 39 
SRUPNITG, COAGO - 


OFFSHORE OCEANCGRAPHY GROUP 


REFERENCE NOe 


POSITION 


PRESS 


?T7- I= 


49—34.0Ne 
RESULTS CF STP CAST 


TEMP 


7267 
7266 
7266 
7e 62 
7253 
7248 
5245 
5228 
5241 
5219 
5-01 
4.75 
4-51 
4.31 
4.01 
3284 
3266 
3e 32 
2294 
260 


SAL 


32264 
32264 
32264 
32e03 
32263 


32262 
33201 


33244 
336 80 
33-89 
33-91 
33-93 
33496 
33e99 
34.08 
34e15 
34022 
340 34 
34640 
34246 


il 
138-40.0W 


DEPTH 


124 
149 
i74 
199 
223 
248 
298 
397 
496 
595 
793 
990 
11886 


61 


DATE 


SIGMA 
T 
25049 
25250 
25249 
25249 
25-51 
25251 
264207 
26043 
26270 
26280 
26284 
26288 
26-93 
26298 
27-08 
27015 
27023 
27236 
27044 
27651 


9/ 1/77 
GMT 1644 : 


152 POINTS TAKEN FROM ANALOG TRACE 


SVA 


24907 
24909 
25002 
25004 
249-5 


24969 
196-0 


1619 
137-0 
1283 
124.7 
120¢6 
116-0 
Li2eO 
1033 
9626 
90 ol 
7920 
7220 
65e2 


DELTA 
0 
090 
0.25 
050 
QOe75 
le25 


1287 
2043 


2.88 
3e25 
3057 
3289 
420 
4249 
5 «06 
6014 
TelG 
8207 
9276 
1ie26 
1263 


STATION 


POT. 
EN 
020 
0.01 
0205 
Oell 
Oe 32 
0Oe72 
be2l 
1.72 
2e23 
2<78 
3238 
4205 
4276 
6e35 

10619 

14.78 

20-00 

32200 

45-75 

61-08 


10 


SUUND 


1479-6 
14796 
14796 
1479. 
1479-6 


1479. 
14020 
late. 
1474. 
1473-6 
1G%3e 
1422s 
1472. 


Mai Zs 


14726 
1473-6 
L1474Ge 
14766 
1478.6 
14806 


DB 


PRESSURE | 


60 


120 


fom 
CO 
- 


C40: 


3005 


Se 
SAL EN] 


TEMPERATURE. € 
" s) Ke 


| NG. 2 = 


“1.0 N 140-40.0 


-1 DAT-LOcGMT<+2.4 


ao 5 35 
PY, (G768 


OFFSRORE OCEANCGRAPHY GROUP 


REFERENCE NUe 


POSITION 


PRESS 


77- i= 


49-41 -e0N> 
RESULTS OF STP CAST 


TEMP 


7eJl 
7e3l 
Vee 
7e3l 
7e3l 
72-08 
7200 
5224 
Se36 
5229 
5-16 
495 
4e71 
4239 


SAL 


32262 
32-61 
32261 
32-61 
32.61 
32263 
32.72 
33209 
33046 
33-75 
33283 
33284 
330 84 
33-88 


iJ3 
140—40.0W 


63 


DATE 10/7 1/77 


GMT 


204 


STATION 11 


kK10 POINTS TAKEN FROM ANALOG TRACE 


DEPTH 


0 
10 
20 
30 
50 
75s 
99 
124 
149 
174 
199 
223 
248 
298 


SIGMA 
Wf 


2533. 


25252 
2552 
25-52 
259252 
25657 
25265 
26e16 
26244 
26-68 
26275 
26-79 
26e8i1 
26-88 


SVA 


24604 
24765 
24727 
248-1 
24861 
24349 
23605 
18769 
162-0 
13965 
132e5 
1296 
127el 
l2iel 


DELTA 
8) 

020 
O0e25 
02e49 
O74 
1e24 
1285 
2246 
2099 
342 
3280 
4214 
4247 
4.79 
5241 


POT. 
EN 
On0 
0.01 
0.05 
Oe pe | 
0.32 
0.71 
1025 
1285 
2646 
3-08 
3.73 
4044 
5.21 


6095 


SYUND 


L477 
1477. 
Lo?T7s 
14786. 
1478.6 
LOR e 
14786 
14726 
14736 
1473-6 
LAi73s 
14736 
1472.6 
14726 


300 


DB 


600; 


CO 
C 
oz 


PRESSURE , 


1200 


15005 


TEMPER TWEE, 
“4 S) le 


16 
REF. NO. 77 - 1 - 14 
u9-4U9.0 N 142-40.0 N 
MO.-1 DAY-10 GMT-9.1 
C 33 3 30 
SALINITY, 0/00 


UFFSHORE OCEANUGRAPHY GROUP 


REFERENCE NOeo 
POSITION 


PRESS 


0 

10 
20 
30 
50 
75 
100 
125 
150 
175 
200 
225 
250 
300 
400 
500 
600 
800 
1000 
1200 


77- 


49-Q9.0N> 
RESULTS OF STP CAST 


TEMP 


6026 
6e26 
622% 
6022 
6e20 
6ell 
4252 
4252 
4e5l 
4-36 


4e22 . 


4eil 

4.04 
4203 
38 

3066 
32049 
3e13 
2082 
2-57 


SAL 


32468 
32267 
32267 
32266 
32267 
32267 
33203 
33258 
33275 
33682 
33285 


33286 


332990 


33296 


34.205 
34e14 
34220 
34e31 
34038 
34244 


l- 14 
142-40. OW 


65 


DATE 10/7 1/77 


GMT 


Del 


178 POINTS TAKEN FROM ANALOG TRACt 


DEPTH 


1@) 
10 
20 
30 
50 
75 
99 

124 
149 
174 
199 
223 
248 
298 
397 
496 
595 
793 
990 


1186 | 


SIGMA 
T 
25071 
25071 
25e71 
25-71 
25071 
25072 
26219 
26263 
26077 
262-83 
26087 
26289 
26294 


(26298 


27208 
27-16 
27022 
27235 
27243 
27250 


SVA : 


228.8 
22909 
22928 
230 el 
22906 
228¢8 
184204 
143-4 
1304 
‘12404 
12120 
11920 
115e1 
Llile3 
1027 

9506 

9064 

T7904 

7220 

66e2 


DELTA 
D 
0-0 
0223 
Oe 46 
0.69 
Leld 
le7e2 
2026 
2268 
3202 
3233 
32 64 
3294 
4e23 
4280 
5e 87 
6685 
7278 
9248 
10¢S9 
12237 


POT e 
EN 
0290 
Oe2eO0l 
0-05 
Oell 
0e29 
0266 
12614 
1-61 
2009 
2eol 
3220 
3285 
4.256 
6e15 
9294 

14.46 
19267 

31273 

45255 

61-03 


STATION12_ 


SOUND 


1473-6 
14736 
1473e 
147 3.-. 
1474. 
1474. 
1468.6 
1469e 
14706 
1470. 
14706 
14696 
1470.e 
1470.6 


“1471. 


14726 
14736 
14756 
1477. 
14806. 


300 


DB 


600 


CO 
= 
SS 


PRESSURE, 


12007 


Lo0% 


TEMPERATURE. iC 
Us Qiane neers 


REF. NO. 77 - 1 - 16 
50-0.0 N 145-0.0 WW 

MO.-1 DAY-10 GMT-21.2 
33 
Ta 


C 3 
SALINITY, O7'@0 


16 


35 


OFFSHORE OCEANOGRAPHY 
REFERENCE NOe 
SO0- 0e0Ns. 145-. 0e0w 


POSITION 


PRESS 


TEMP 


6e16 
6e17 
6018 
6e19 
5e22 
5e63 
4046 
4255 
4249 
4e27 
4615 


4209 


4e01 
3095 
3e79 
3067 
3e47? 
3eii 
2084 
2056 


GROUP 


77?= l= 16 


SAL 


32064 
32663 


32062 


32061 
32063 
32077 
32698 
/- 33044 
33071 
' 33078 
33080 
33682 
330 84 
33091 


DEPTH 


0 
10 
20 
30 
50 
7S 
99 
124 
149 
174 
199 
223 
248 
2986 


67 


DATE. 10/7 1/77 


. GMT 2le2 
RESULTS OF STP CAST 169 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
¥ 
25e70 
252068 
25e67 
25eE7 
25068 
25087 
262e16 
26651 
26073 
266 Al 
260 24 
26087 
266 89 


26095 


SVA- 


23006 
232e1 
23300 
23368 
232¢e8 
21564 
187e2 
15461 
13365 
12664 
i23e7 
12166 
11966 
11462 


DELTA 
D 
0¢0 
Oe23 
Oe 46 
0e70 
leil7 
1e74% 
2e23 
2066 
3e01 


3e 34 


3065 
3696 
4e26 
%e84 


STATION Pp 


POT. 
EN 
020 
0201 
0205 
Ooll 
Oe 30 
Oe 66 
1210 
1e59 
2009 
2062 
3e22 
3e88 
4e61 
6025 


SOUND 


14736 


14736 
14736 
14736¢ 
14746 
14726 
14686 
14696 
1470e 
146596 
14696 
1469¢e 
14696 
14706 


300 


DB 


600 


CO 
em, 
© 


oes 


LeouR 


1500.5 


Trees Cererarh Were, ee 
“: 8 Pe 


REF. NO. 77 - 1-47 
50-0.0 N 145-0.0 & 

MO.-1 DAY-11 GMT-17.4 
33 
Ty¥ 


E 3 
SALIENT Ty, rOo700 


oD 


CFFSHORE OCEANOGRAPHY GROUP > 
RFFERENCE NOe 77- I1- 
50—- OeONe 
RESULTS OF STP CAST 


POSITION 


FRESS 


) 
10 
20 
30 
50 
75 

100 
125 
150 
175 
200 
225 
250 
300 
400 
500 
£00 
B00 
1000 
1200 


TEMP 


6014 
6e14 
6015 
6015 
6e16 
6e19 
4e51 
4429 
4645 
4637 
4625 
4208 
3496 
3e 88 
3e 80 
32063 
3e44 
3e 09 
2e77 
2050 


SAL 


32e71 
32e71 
32a71 
32e71 
32e71 
32071 
32097 
33027 
33067 
336 83 
336 86 
33087 
33090 
33096 


17 


145—= 060W . 


69 


DATE 11/7 1/77 
GMT 17e4 


STATION P 


167 POINTS TAKEN FROM ANALOG TRACE 


DEPTH 


SIGMA 
T 
250e75 
25e75 
25075 
25075 
25075 
25074 
26e1Sf 
26¢e41 
26e71 
26084 
266 88 
262090 
26094 
27600 


SVA 


225e1 
2250e7 
22507 
22508 
22665 
227240 
188¢e5 
16462 
136e1 
12365 
120e5 
116890 
1146 
10908 


DELTA 
D 
Oe 0 
0023 
0e45 
0068 
lel3 
1670 
2e23 
2067 
3e 04 
3e 36 
3067 
3096 
4026 
4e82 


POTe 
EN 
020 
0201 
0205 
0210 
02029 
0265 
lel2 
1e62 
2014 
2068 
3e 26 

 3e90 
4e61 
6018 


SOUND 


14736 
14736 
14736 
14736 
14746 
14746 
14686 
14686 
14696 


147068” 


14706 
14696 
1469e. 
14706 


300 


DB 


600 


CO 
=) 
Ge 


PROS SURES 


L2NGye)* 


1900.5 


TEMPERA RUE e 
“ 8 lea 


9 oy seme Oi Ne tas We 
DUO. OUNY ULES 0. ON 


10;-) DAF te oni 


on shoe 3 
ORE GRIN [a Oe) 


16 


a 


OFFSHORE OCEANOGRAPFY GROUP 


REFERENCE NOe 


POSITION 


PRESS 


0) 

10 
20 
30 
50 
75 
100 
12s 
150 
175 
200 
225 
250 
300 
400 
500 
600 
800 
1000 
1200 


S50= QeONe 
RESULTS OF STP CAST - 


TEMP 


6023 
6023 
6024 
6023 
6e22 
6422 
4250 
4232 
4.53 
4228 
4e11 
4203 
3298 
3090 
3e 82 
3268 
3650 
3e14 
279 
2.55 


»SAL 


32e6l1 
32-61 
32260 
32260 
32-61 
jJ2e61 
32290 
33-23 
33-67 
33474 
33-77 
33.79 
33<82 
33487 
34200 
34209 
340216 
34426 
34234 
34039 


i8 
145- 0.0W 


DEPTH 


71 


DATE 12/7 1777 


GMT 17¢3 
153 POINTS TAKEN FROM ANALOG. TRACE 


SIGMA 
T 
252e66 
25-66 
25265 
25265 
25066 
25266 
26209 
262e38 
262670 
26-78 
26282 
26e85 
26288 
26-92 
27203 


-27el2 


27e1l9 
27e31 
27 «40 
27246 


SVA 


2330e¢ 
23462 
23429 
234-9 
234¢5 
234e7 
194.0 
L167el 
13669 
12925 
1250e5 
12340 
120e8 
L167 
107eil 

$926 

93e3 

B3eol 

7408 

69e9 


DELTA 
9) 
020 
Oe2c3 
0047 
0.70 
1217 
ie 76 
2eJ3l 
276 
3014 
3247 
3e79 
4240 
5200 
6ele2 
7015S 
Bell 
9287 
11244 
12-e89 


STATION P 


POT. 
EN 
0-0 
0-01 
0.05 
Oeil 
0230 
067 
1.2.16 
1-68 
2e20 
2075 
Je 36 
4.03 
4-77 
6044 

1042 

15214 

20e52 

33205 

47.47 

6362 


SOUND 


1473-6 
1473-6 
1473-6 
1473-6 
1474. 
1474.6 
1468.6 
1468-6 
1470. 
14696 
1469. 
1469-6 
14696 
1470-6 
1471. 
1472.6 
14736 
14756 
1477. 
14806 


300 


DB 


6004 


CO 
C) 
a 


PRESSURE, 


12004 


150035 


LEMP ETT Giri. s& 
\ 8 Le 


REP « NOs Fe = k= 2 
50-0.0 N bR5=0.0' W 

MO DATHLS GATHER iad 
33 
TY 


C 3 
SALINE IT, OF 00 


3 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOe 


POSITION 
RESULTS 


PRESS 


0) 

10 
20 
30 
50 
75 
100 
125 
150 
175 
200 
225 
250 
300 
400 
500 
600 
800 
1000 
1200 


7Tt= le 


50= OAeIONe 
OF STP CAST 


TEMP 


6025 
6225 
6e26 
6226 
6e26 
618 
4.57 
4237 
4-51 
429 
4eil 
4.01 
3294 
3291 
3e 80 
3e67 
3248 
Je il 
2282 
2258 


SAL 


32-60 
32260 
32059 
32259 
3260 
32264 
32289 
33-21 
33-65 
33071 
33275 
33478 
33-81 
33287 
34-200 
3420S 
34216 
34e 26 
34632 
39238 


19 
145= 0.0W 


DEPTH 


) 
10 
20 
30 
50 
75 
99 

124 

149 

174 

199 

223 

248 

298 

397 

496 

595 

793 

990 

1188 


73 


OATE 13/7 1/777 


GMT 1763 
182 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
T 
25265 
25-65 
25264 
25264 
25265 
25270 
262-08 
26235 
26-69 
26-76 
26281 
26 2-84 
26287 
26292 
27204 
e7el2 
27219 
27031 
27238 
27245 


SVA 


23427 
23520 
236-0 
23601 
235059 
231.6 
195e2 
169¢6 
13729 
1316 
12668 
124.0 
l21ie2 
116e¢8 
106-S 
G9e6 
G3ei 
8320 
T7607 
T7007 


DELTA 
OD 

020 
Oo23 
0.47 
Oe71 
1218 
1.77 
2029 
2075 
3e1l3 
3247 
3279 
4210 
4041 
5201 
6e12 
TelS 
Bell 
9287 


11246. 


12294 


STATION P 


POT e 
EN 
02.0 
0.01 
0-05 
Oell 
0.230 
O-67 
Lel4 
1.67 
2e20 
aea7 
4205 
4.279 
6246 
1042 

15e¢16 

20.54 

33405 

47.261 

64elli 


SIUND 


14736 
14736 
14736 
14736 
1474. 
1474. 
1468. 
14686 


14 70% 


1469-6 
1146S. 
14096 
1469-6 
1470. 
L471. 
14726 
14736 
14756 
L477. 
1480. 


300 


DB 


600+ 


CO 
SS, 
es 


PRESSUNE 3 


1200 


1500.5 


TEMPERATURE, C 
u 8 12 


16 
| 
REF. NO. 77 - 1 - 20 
S0-0.0 N 145-0.0 W 
MO.-1 DAY-14 GMT-5.3 
2 fro: 2 35 
SRL, OAD. 


OFFSKORE OCEANCGRAPHY GROUP 


REFERENCE NUe 


PCSITION 


PRESS 


fe) 
10 
20 
30 
50 
75 
100 
125 
150 
175 
200 
225 
250 
300 
400 
500 
600 
800 
1000 
1200 


i= ie 


SO= OeONe 
RESULTS CGF STP CAST 


TEMP 


6024 
Ge 24 
6224 
6224 
6224 
6224 
5e00 
4.88 
5210 
4e¢89 
4.63 
4248 
4218 
4.00 
3290 
3-77 
3e56 
3ei4 
2285 
2059 


SAL 


3255 
32654 
3254 
32454 
32e54 
32655 
32.289 
33235 
33466 
33-72 
33474 
33-76 
33277 
33483 
33698 
34206 
34e13 


34.25 


34e32 


34036 


20 
145= 0.0W 


75 


DATE 14/7 1/777 


GMT 


5e3 


195 POINTS TAKEN FROM ANALOG TRACE 


OEPTH 


1) 
10 
20 


30 
S50 


75 
99 
124 
149 
174 
199 
223 
248 
298 
3S7 
496 
S95 
793 
990 
1188 


SIGMA 
T 
25-61 
25-61 
25261 
25-61 
25e61 
25061 
26 003 
26241 
26 063 
26270 
26075 
26-78 
26-81 
26-88 
262-99 
27-09 
27017 
27230 
27-38 
27244 


SVA 


2383 
239 63 
22904 
23926 
239-8 
23944 
200-0 
1644 
143.9 
13724 
133-0 
1304 
126.6 
12007 
Lilel 


102-8 


958 
B4el 
7703 
7220 


DELTA 
D 
09 
0224 
0248 
Oe72 
1220 
1-80 
2e37 
2e 8&3 
3e2l1 
3256 
3290 
4023 
4255 
5217 


60633. 


7240 
8240 
10619 
hie80 
13629 


POT. 
EN 
020 
0OeOl 
0205 
Oell 
O0eSl 
0.69 
1e20O 
te 72 
2ec6 
2284 
3248 
4220 
4.97 
6071 

10.85 
15674 

2ieJ3l 

34-208 

48278 

65-46 


STATION P 


SOUND 


14736 
14736 
14736 
14736 
1474.6 
1474.6 
14706 
14706 
14726 
14726 
1471. 
1471. 
14706 
1470. 
14726 
14736 
1474. 
14756 
1477.6 
1480.6 


60 


DB 


jd 
CO 
3) 


FREES SURE > 


2u0- 


300.5 


TEMP Gi eels tee 
“ 8 


O-0.0 N 


145-0.0 NW 


O.-1 DAY-15 GMT-1? 


oes 
SALINI 


35 
Rt 


9 


a 
0/00 


38 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NUOe 


POSITION 


PRESS 


¢) 
10 
20 
30 
30 
75 
100 
125 
150 
75 
200 
225 
250 
300 


77= 1- 


5O0—= AeONe 
RESULTS OF STP CAST 


TEMP 


6209 
6209 
6e10 
Gell 
6ei2 
6210 
4e 72 
4e95 
5-03 
4270 
4.23 
4-208 
3-98 


SAL 


22<61 
32e61 
32e5S 
32259 


32.58. 


32-61 


33.01 


33045 
mT Oe | 
33-75 
33077? 
33278 
33.79 
33284 


21 
145-= 0.0W 


DEPTH 


Q 
10 
20 
30 
50 
75 
99 
124 
149 
i174 
199 
223 
248 
298 . 


77 


DATE 


KS U7 CT 


GMT 173 
108 POINTS TAKEN FROM ANALGG TRACE 


SIGMA 
T 
252608 
25268 
252-67 
25266 
25265 
252-68 
26016 
26248 
26269 
26e75 
26678 
26e82 
26-84 
26289 


SVA 


2320 
23226 
233-8 
234.3 
235ie3 
2Jite,2 
188-0 
157-3 
137.8 
13208 
12964 
12602 
12422 
119-7 


DELTA 
) 
0.0 

0023 


0047: 


Oe70 
1.17 
le 76 
2028 
2e71 
3207 
/* Seo4l 
3274 
4.206 
4.37 
4.98 


STATION P 


PUT e 
EN 
020 
0-01 
0205 
Oelil 
0.50 
0-67 
1.13 
1.63 
2e14 
2e70 
3e 32 
4201 
4.77 
6248 


SUUND 


1472.6 
14726 
1473.6 
14736 
1473. 
1474.6 
146G. 
1471. 
1472.6 
1471. 
1470. 
1470. 
14706 
147065 


TEMPERATURE: --G 
ul 8 iy 


5 16 
: : 

308 
‘ae 
6004 
Lu 
‘om 
am 
es BU 
WII UO: REF. NO. 77 - 1 -) 22 
QO 

| 50-0.0 N 145-0.0 W 
1<c004 MO.-1 DAY-16 GMT-18.3 
SA eel te Ci Gp 


OFFSHORE QCEANCGRAPHY GROUP 


REFERENCE NOe 


PCSITION 


PRESS 


0 

10 
20 
30 
50 
75 
100 
125 
150 
175 
200 
225 
250 
300 
400 
500 
600 
800 
£000 
1200 


Tt l= 


50= OeON» 
RESULTS OF STP CAST 


TEMP 


6-17 
6.17 
6e17 
6017 
6218 
6e13 
4.95 
5e25 
5-213 
4-87 
4250 
4227 
4014 
4.01 
3-89 
3278 
3260 
3219 
2<e87 
2260 


SAL 


a2eo3 
Jaeuws 
3253 
32253 
32ho3 
32258 
33206 


33252 


33268 
330672 
33473 
33074 
33276 
33-81 
33695 
34.205 
34212 
34222 
34e31 
34236 


22 
145= 0.0W 


DEPTH 


0) 
10 
20 
30 
50 
75 
99 
124 
149 
174 
199 
223 
248 
298 
397 
496 
595 
793 
990 
1188 


79 


DATE PGS ' IF 77 
GMT 183 
186 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
if 
252-61 
25-61 
25-61 
25261 
252-61 
25265 
26017 
26250 
26264 
2670 
26075 
26278 
26281 
26-86 
26099 
27-07 
272015 
27eo2e7 
27237 
272%4 


SVA 


238e9 
23902 
23904 
239-6 
239 09 
235-8 
1867 
15528 
1424 
raf et 
1326 
1295 
127-0 
12203 
1114 
103-8 
97 e2 
8606 
7802 
720i 


DELTA 
D 
0e 0 
0224 
0.48 
Oe72 
l1e20 
12¢€0 
2e3l 
2e 4% 
3e11 
3246 
3<&0 
4-12 
4244 
5207 
6023 
7230 
Be3l 
10-13 
lie 77 
13027 


STATION P 


POT e 
EN 
0.0 
0-01 
0-05 
Oell 
Oe3l 
069 
LlelS 
1.63 
2e15 
2e73 
3237 
4.08 
4.86 
6e61 
10273 

15266 

21-30 

34226 

49230 

66.07 


SJYUUND 


14726 
14736 
1473-6 
14736 
14736 
1474.6 
14706 
1472.6 
1472.6 
1472-6 
1471. 
L4706 
14706 
14706 
L472e 
14736 
L474. 
14756 
1478-6 
14806 


300 


an . 
600 


CO 
ee 
co 


PHB O SURE ; 


12004 


1o005 


TEMPERA T URE x96 
‘ 8 Lic 


1G 
REP MNO .7V ye - | lw -geu 
50-0.0 N 145-0.0 W 
MO.-1 DAY-17 GMT-21.2 
C Sis: 3 39 
SALENT RY, poAgp 


OFFSHORE OCEANCGRAPHY GROUP 


REFERENCE NOec 
POSITION 


PRESS 


0 
10 
20 
30 
20 
75 

100 

125 

150 

175 

200 

225 

250 

300 

400 
$00 

600 

800 

1000 
1200 


77= 


SO= OeONe 
KESULTS OF STP CAST 


TEMP 


5285 
5234 
Se 84 
9e85 
5284 


3e 85. 


4.70 
42950 
4.51 
42390 
4214 
4-204 
3295 
3-87 
3284 
3267 
3e50 
3215S 
2284 
2057 


SAL 


32e5& 
32258 
32258 
32e57 
32¢57 
32257 
32290 
343220 
335661 
33272 
33e75 

aeft 
33-81 
33-86 
3399 


“34,09 


34016 
34625 
34e32 
34037 


l= 24 
145—= 0.0W- 


. DEPTH 


Le) 
10 
20 
30 
50 
75 
99 

124 
149 
174 
199 
223 
248 
298 
397 
496 
595 
793 
990 
1188 


81 


DATE 177 1/77 


GMT 2102 
171 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
T 
25269 
25269 
25269 
25268 
25-68 
25208 
26-07 
26232 
26205 
26276 
26281 
26284 
26287 
26e92 
27203 
27ei2 
27219 
27230 
27239 
27245 


SVA 


231e5 
231.7 
231-8 
2a2eu 
22209 
233642 
196-0 
1719 
L4le2 
Lai 3 
127-0 
12369 
121.3 
Lil7el 
107-26 
99-6 
9322 
84e3 
7605 
Viel 


DELTA 
8) 
0.0 
Oe23 
0246 
0.70 
1-216 
1674 
2« 30 
2e76 
3015 
3e49 
3281 
4e13 
4243 
5203 
6015 
72019 
8e 15S 
9292 
11653 
12.99 


POT e 
EN 
0.20 
0Oe01 
0205 
Oell 
0.30 
0.67 
1216 
1.2.69 
2024 
2-280 
3e4l 
4.09 
4.83 
6 e250 

10e51 

1524 

20-63 

33024 

47 093 

64235 


S TATAPON TAP 


SOUND 


WAI71 
14:711% 
1472-6 
H4i72% 
1472-6 
1472-6 
1469.6 
1469.6 
14706 
1469. 
14696 
1469-6 
14639. 
14706 
1471. 
1472-6 
14736 
1475-6 
1477. 
14806.¢, 


300 


DB 


600: 


CO 
8 
Cy 


PRESSURE, 


1200 


1500,5 


LEMIRE | Clee ae 
- 8 be 16 


REF: NOs 77 = Pte: ao 
90-0.0 N 145-0.0 W 


MGs=! BAT=E6 GHI=£726 


C go Se 39 
SALINITY; OF OS 


UFFSHORE QCEANOGRAPHY GROUP 


KEFERENCE NOe 


-PUSI TION 


PRESS 


0) 

10 
20 
30 
50 
75 
100 
125 
150 
175 
200 
225 
250 
300 
400 
500 
600 
800 
1000 
1200 


Ti i= 


507 OeONe 
RESULTS OF STP: CAST 


TEMP 


5276 
5e76 
5276 
5276 
Se 76 
5-76 
4.51 
4.31 
451 
4239 
4225 
4213 
4.00 
3294 
3e 87 
3-72 
3eu0 
3ei2 
2283 
2e57 


SAL 


32257 
32256 
32257 
Jasor 
32256 
3256 
32091 
33219 
33260 
33-72 
33474 
3377 
33-79 
33284 
33-97 
34-06 
'34e15 
34e25 
34232 
34637 


25 
145= 0.0W 


DEPTH 


0 
10 
20 
30 
50 
LS 
99 

124 
i49 
174 
199 
223 
248 
298 
397 
496 
995 
793 
990 
1188 


83 


DATE 18/7 1/77 


GMT 1706 | 
173 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
T 
25-69 
25268 
25-69 
25269 
25-68 
25-68 
26210 
26234 
26265 
26-76 
26278 
26082 
26285 
26290 
27-01 
27209 
27-18 
27230 
27238 
27245 


SVA 


23102 
232-0 
23147 
23107 
23267 
23209 
1929 
170e5 
142.0 
L31le7 
129¢«2 
126.20 
123e1 
11923 
109e3 
101.69 
94 el 
83-8 
766 
Tiel 


DELTA 
Db 
0.0 
0223 
0246 
0.70 
“Le16 
1274 
2e27 
2e73 
ae es 
345 
3278 
4210 
4241 
5-Ol 
6e15 
Ve2i 
8219 
9e96 
11255 
13-03 


STATION P 


POT e 
EN 
0.0 
0-01 
0205 
Oell 
0.30 
0.67 
Leil4 
1.266 
2e19 
2e76 
3238 
4.07 
4282 
6e5i 

10257 
1542 

20¢9i 

33248 

48.09 

64.65 


SOUND 


1471. 
1471. 
1471. 
1471le 
14726 
L4726 
1468.6 
14686 
14706 
1470.6 
146Se 
14696 
14696 
14706 
1471. 
14736 
14736 
1475e 
1477e 
1480.6: 


300 


DB 


6007 


CO 
= 
© 


Poe oer 


1200 


1000,5 


TEMPER GE Orie 
“ 8 eye 


REP. ONO (lice oaleeees 
50-0.0 N 145-0.0 WW 

MO.-1 DAY-19 GMT-21.2 
Sed 
Ba 


C 3 
SHE INT BG. C7 OG 


16 


She 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCc NOe 


POSITION 
RESULTS 


PRESS 


0 

10 
20 
30 
50 
75 
100 
125 
150 
i7S 
200 
225 
250 
300 
400 
500 
600 
800 
1000 
1200 


SO= OeONe 
OF STP CAST 


TEMP 


4292 
4.93 
4294 
4.94 
4294 
4e 83 
4202 
4eil 
4210 
3292 
3293 
3292 
3.91 
3.83 
3271 
3057 
32 38 
3203 
2075 
2249 


SAL 


32e70 
32269 
3269 
32269 
32269 
32e74 
33043 
33-71 
33278 
33280 
33684 
33-87 
33290 
33296 
34208 
3416 
34e22 
34e31 
34438 
34243 


26 
145—= 0.0W 


OEPTH 


.¢) 
10 
20 
30 
50 
75 
99 
124 
149 
174 
i939 
223 
248 
298 
397 
496 
595 
793 
990 
i186 


U5 


DATE t9/7 1/77 


GMT 212 
155 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 


T 
25289 
25288 
25-388 
25-88 
25288 
25093 
2€e56 
26.78 
26083 
26 87 
26-90 
26092 
26295 
27-00 
27e11 
27218 
27226 
27236 
27044 
27-50 


SVA 


212063 
21344 
21347 
21347 
21420 
2C8e8 
14963 
129e¢1 
12393 
120¢7 
118.4 
11663 
11348 
LO9Ge2 
100e1 
G34 
87el 
78e3 
7104 
6603 


DELTA 
D 
On 
04.28 
On.43 
0.64 
1.07 
1.60 
2¢05 
239 
24 70 
3eOl 
33.38 
3260 
389 
4e45 
549 
6.46 
7.26 
9.01 
1050 
11289 


STATION Pp 


POT e 
EN 
0.0 
0-01 
0204 
0e10 
O27 
0-61 
1-01 
140 
1284 
2234 
2e9l 
3055S 
4024 
Sie Bl 
9e5l 

13295 

18-99 

30273 

44.443 

59 294% 


SOUND 


14686 
1468.6 
1468-6 
14686 
14686 
1469-6 
14666 
1468.4 
14686 
14686 
1468.6 
14696 
1469. 


14706 


1471. 
1472.6 
14736 
1475-6 
1477.6 
14796 


TEMP ES Repay anne 
: 8 le 


. 16 
0 
300 
aa : 
600 
Mel 
Cr. 
a9) 
of 
W300 REF. NO. 77 - l1-=- e7 
b.. 
S0-0.0 N i145-0.0 W 
1<c00- MO.-1 DAY-20 GMT-17.8 
1900, 35 353 3 35 
SALINITY. 0/00 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOe 


POSITION 


PRESS 


0) 
10 
20 
30 
50 
75 
100 
125 
150 
a Wy A>) 
200 
225 
250 
300 
400 
500 
600 
800 
1000 
1200 


77= le 


50~- AeIONe 
RESULTS OF STP CAST 


Ta&MP 


5. 83 
Se 83 
5-83 
Se 84 
5284 
5-83 
4.58 
4250 


4.44 , 


4027 
4210 
4200 
3-93 
3.87 
3-80 
3269 
3252 
3216 
2< 83 
2057 


SAL 


3261 
32-61 
32261 
32261 
32661 
32061 
32096 
33247 
33270 
33.6775 
33-78 
33282 
33484 
33690 
34202 
34e11 
34219 
34e29 
34.35 
3441 


oe 
145= 0-.0W 


DEPTH 


) 
10 
20 
30 
SO 
75 
99 
124 
149 
174 
199 
223 
248 
298 
397 
496 
595 
793 
990 
2188 


87 


DATE 20/4 1/77 


GMT 1728 
166 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
T 
25e71 
25e71 
25e71 
25071 
25e71 
25471 
26013 
26254 
26-73 
26-79 
26283 
26287 
26290 
26-95 
27205 
27013 
27e2l 
27233 
27041 
27248 


SVA 


22920 
229 04 
22945 
22947 
22929 
23001 
190-0 
15124 
13347 
1284 
124e¢5 
120e8 
118.8 
114.61 
1cSe3 

9Be4 
9104 
' 8126 

74 02 
6804 


DELTA 
O 
0e9 
00623 
0«46 
0269 
Le id 
l1e/2 
2e295 
2268 
3-03 
3e 36 
3268 
‘3-298 
4228 
4.86 
5296 
6298 
7293 
~ 9265 
4i.20 
12e62 


STATION P 


POT. 
EN 
020 
0.01 
0.05 
Oell 
0e29 
0266 
Lel3 
1.62 
2ell 
2e65 
3226 
3e92 
4264 
628 

102618 

14.684 

20014 


32244 


46.60 
62 «52 


SUUND 


1471. 
1471. 
1472.6 
14726 
14726 
L4726 
1468-6 
146Ge 
146G9e 
14696 
14696 
1469-6 
146Ge 


14706 


1471e 
14726 
1474.6 
14756 
1477. 
14806 


3004 


DB 


600 


CO 
ee 
a 


Pie oo anes 


12004 


1500.5 


TEMPERA PUR Eset 
4 6) l 2 


REF. NO, 77 « 1:= 28 
50-0.0 N 145-0.0 W 
MO.-1 DAY-22 GMT-2.6 
ke, 
TT 


C 3 
SALINITY, 8700 


16 


39 


OFFSHORE OQCEANOQGRAPHY GROUP 


REFERENCE NOe 


POSITION 


PRESS 


77=- l= 


S50 OeONs 
RESULTS OF STP CAST 


TEMP 


5272 
5e72 
= al 
5-73 
Se73 
5-72 
4.69 
4e 48 
4243 
4e21 
4.07 
3-98 
3293 
3-86 
3e8i 
3-68 
3252 
3e1i3 
2.83 
2256 


SAL 


32262 
32¢62 
32261 
32-61 
32-61 
32262 
32097 
33244 
33071 
33-78 
33280 
33-83 
33-65 
33-90 
34203 
34210 
34218 
34229 
34236 
34041 


dh = ae 
145= 0-.0W 


89 


DATE 22/ 1/77 


GMT 


206 


STATION P 


163 POINTS TAKEN FROM ANALCG TRACE 


DEPTH 


0 
10 
20 
30 
50 
75 
99 

124 
149 
174 
199 
223 
248 
298 
397 
496 
595 
793 
990 
1188 


SIGMA 
T 
25073 
25073 
euets 
25272 
2oerte 
25-73 
26013 
26252 
COel4% 
26282 
262-85 
26289 
262-90 
26095 
27206 
e7ei3 
27e2l 
27033 
2704 
27 048 


SVA 


226¢9 


227 (& 


2281 
22804 
22846 
228.0 


19027 


153-5 
132.6 
125-6 
122-8 
119.7 
118.20 
114.1 
104.6 
G8e4 
914 
81-40 
7TIe9 


68 el 


DELTA 
O 
0.0 
0.23 
0.45 
0.68 
1214 
1.71 
2e25 
2268 
3e 03 
335 
3<« 66 
3296 
4e26 
Go &4 
5093 
66694 
7289 
9.61 
11.216 
12.258 


POT « 
EN 
0-0 
0.01 
0-05 
0210 
029 
0.65 
1.213 
1e62 
2el11 
26S 
3224 
38S 
4.61 
6624 
L10ele2 

14-75 

20207 

32629 

46647 

62438 


SJUUND 


1471le 
477 i" 
(a7 ts 
P47 1 
1472.6 
L472 
1469-6 
1469-6 
14696 
1146S. 
1469.6 
14696 
1469. 


14706 


1471.6 
14726 
1474. 
14756 
1477. 
1480.6 


300 


OB 


600- 


CO 
© 
=, 


PRESSURE ; 


12004 


150035 


TEMPERA T GRE yaa 
“s e) be 


REF. NO. 77 - 1 ~ 29 
50-0.0 N 145-0.0 W 
M0.-1 DAY-22 GMT-17.3 
a 
Tm 


. S 
SLUM, Oa 


oie 


OFFSKCRE OQCEANCGRAPHY GROUP 


REFERENC 
PCSITION 


c& NUe 
50-= 


OeONe 


RESULTS OF STP CAST 


PRESS 


0) 

10 
20 
30 
SO 
7S 
100 
125 
150 
17S 
200 
225 
250 
300 
400 
500 
600 
800 
1000 
1200 


TEMP 


5-78 
5277 
5277 
5-76 
Se 76 
575 
3e28 
4251 
4245 
4218 
4.204 
3-96 
3291 
3-¢85 
3-80 
3264 
347 
3210 
2e79 
2254 


SAL 


32-60 
32260 
32260 
32260 
32260 
32260 
32e835S 
33« 34 
33-72 
33677 
33281 
33.83 
33286 
33292 
34205 
34013 
34e20 
34230 
34038 
34042 


29 
145= 0.0W 


DEPTH 


0 
10 
20 
30 
50 
75 
99 
124 
149 
174 
199 
223 
248 
298 
397 
496 
595 
793 
990 
1186 


91 


DATE 22/7 1/77 


GMT 1723 
176 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
T 
25071 
25671 
25e71 
25-71 
25071 
25-71 
25-97 
26244 
26275 
26-82 
26-86 
26-89 
26-91 
262-97 
27-08 
efels 
27023 
27034 
27 043 
27049 


SVA 


229¢2 
229 04 
2295 
229-5 
22948 
229-9 
20528 
161-2 
132-5 
125-6 
121.7 
1194 
L117el 
1124 
102.9 

96e2 

89-8 

7908 
T2e02 
67e2 


DELTA 
C 
O-:0 
O23 
0-46 
0.69 
1215 
1-72 
229 
2074 
3-10 
3042 
373 
4.03 
Ae 3S 
490 
5-S8 
6097 
7.90 
9-59 
i110 
i12e50 


STATION P 


POT. 
CN 
0.0 
OeO0l 
0.05 
Oell 
029 
0.66 
1216 
1268 
2e18 
2e71 
3-30 
3.96 
4267 
6028 
10-11 
14.66 
19286 
31.87 
45273 
61244 


SUUND 


1471. 
1471le 
1471. 
1471. 
14726 
14726 
l147Le 
14696 
146Se 
1469.6 
1469.6 
1469.6 
1469.6 


-14706¢ 


1471le 
1472.6 
14736 
14756 
1477.) 
14806 


300 


DB 


6004 


(O 
C) 
© 


P Ailey oot 


F20-05 


1500,5 


TEMPERATURE, C 
u 8 12 


16 
REP. "NO. 777--  11-- 290 
S0-0.0 N 145-0.0 i 
MO.-1 DAY-23 GMT-18.1 
C 33 34. ha 
SAIN TTS, LO AUD 


OFFSHORE OCEANGGRAPHY GROUP 


REFERENCE NUe 


PCSITION 


PRESS 


0 
10 
20 
30 
50 
75 
100 
125 
150 
175 
200 
225 
250 
300 
400 
* 500 
600 
800 
1000 
1200 


17 (i 


5O= OeONe 
RESULTS OF STP CAST 


TEMP) 


5e 82 
5282 
Se 82 
5282 
5282 
5269 
4.51 
4.253 
4252 
4.28 
4215 
4.00 
3-93 
3-86 
3-280 
3265 
3248 
3210 
2-80 
2254 


SAL - 


32262 
322e62 
32062 
32<e62 
32262 
32¢67 
33203 
33248 
33071 
33277 
‘33-79 
33-8i 
33284 
33-90 
34e¢03 
34e12 
34e19 
34-230 
34037 
34242 


30 
145—- 0-.0W 


‘DEPTH 


0) 
10 
20 
30 
50 
73 
99 
124 
149 
174 
i199 
223 
248 
298 
397 
496 
595 
793 
990 
11886 


. 93 


DATE 23/7 1/77 


GMT 1861 
188 POINTS TAKEN FROM ANALGG TRACE 


SIGMA 
iT 
25-72 
25-72 
25072 
25072 
25272 
25-78 
26019 
26095 
26273 
26-80 
26283 
26-87 
26290 
26e95 
27206 
2715 
27e22 
27234 
27 042 
27049 


 SVA 


228 e1 
2285 
228-6 
228-7 
22829 
223-9 
184.3 
151-0 
133-8 
1272 
1244 
121-5 
118.7 
114.1 
104.6 
9668 

90¢5S 
8020 
7301 
6703 


DELTA 
8) 
0-0 
Oo23 
0246 
0269 
Le 14 
1e7l 
2e23 
2065 
3e 00 
3633 
3264 
3e95 
4e25 
4.83 
50292 
6093 
7087 
‘9258 
tie10 
12-250 


STATION P 


POT e 
EN 
0.0 
0-01 
0.05 
O10 
0.29 
0.65 
lel2 
1.59 
2.09 
2e62 
3e23 
3-89 
4262 
6624 
10e14 
14.74 
19.99 

32215 

46214 

61.83 


SOUND 


1471. 
L471. 
14726 
14726 
14726 
1472.6 
1468.6 
146Ge 
14706. 
146Ge 
146Ge 
146Ge 
1469. 


-14706 


1471. 
1472.6 
14736 
14756 
1477. 
1480. 


300 


DB 


600 


(O 
GC 


PRESSURE , 


heUu4 


1500.5 


LEMP ERA Teme 
+ Bie e ie 


16 
REF. NG. 7% ‘Le vSt 
S0-0.0 N 145-0.0 W 
Md.-1 DAY-24 GMT-21.8 
C 33 34 35 
SALANITY, C700 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOe 


POSITION 


PRESS 


0 

10 
20 
30 
one) 
7S 
100 
Les 
150 
i ee 
200 
eed 
250 
300 
400 
500 
600 
800 
1000 
1200 


77= Ile 


50—= OeONe 
RESULTS OF STP CAST 


TEMP 


SAL 


32263 
32062 
32262 
32262 
32e 62 
32262 
32280 
33-36 
33273 
33278 
336 8l 
33-82 
33-85 
33290 
34204 
34el12 
34218 
34.228 
34.236 
34241 


31 
145- 0.0W 


OEPTH 


95 


DATE 24/7 1/477 


GMT 21-8 
161 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
T 
25472 
25e7i1 
25e71 
25-71 
25-71 
25071 
25292 
26243 
26074 
26-81 
26-85 
26-87 
26-90 
26295 
272-07 
27014 
27-21 
27232 
27241 
27248 


SVA 


22820 
229e3 
22904 
229-6 
22947 
22949 
210¢7 
162.61 
1329 
126e5 
123.3 
1207 
L181 
113.8 
103-3 

97e2 

Gie7 

B2e2 

74-0 

68e5 


DELTA 
D 
0<0 
0023 
0246 
0269 
1e1lS 
le 72 
2029 
2e 76 
3e11 
3243 
3275 
4205 
4235 
4253 
6601 
Ve Ol 
7095 
9268 
lie24 
12.66 


STATION P 


POT e 
EN 
0-0 
0-01 
0.05 
Oeil 
Oe29 
0-66 
1elé 
1.70 
21S 
2073 
ae 3S 
3098 
471 


6032). 


10617 
14.77 
20205 
32236 
46262 
62047 


SUUND 


1471. 
1472. 
W472 
1472. 
1472) 
1473.6 
TA 72s 
14706 
1470.6 
1469. 
1465. 
146S. 
1469. 
1470. 
1471 @ 
14726 


1474.) 


1476.6 
1478-6 
1480. 


300 


DB 


600- 


(O 
CJ 
GC) 


PRESSUNEs 


12007 


1300.5 


fe 
SA TA J 


IM PIEIR A UIE seste 
4 8 


REF« IND. 77. = i = oe 
50-0.0 N 145-0.0 W 


MO.-1 DAT-25 GMT-d6.48 


male 


33 


OFFSHURE UCEANOGRAPHY GROUP 


REFERENCE NOe 


T7= l= 


POSITION 5SO> OeON» 
RESULTS OF STP CAST 


PRESS 


0 

10 
20 
30 
50 
75 
100 
125 
150 
17S 
200 
225 
250 
300 
400 
500 
600 
800 
1000 
1200 


TEMP 


5-89 
5-389 
5-90 
590 
3e90 
5-75 
4-46 
4-57 
4.50 
4027 
4212 
4-01 

3293 
3-86 
3-79 
3+66 
3e49 
ae13 
2280 
2057 


SAL 


32262 
32262 
32062 
32262 
32262 
32266 
33017 

2-61 
33-72 
33-77 
33260 
33-81 
323284 
33.90 
34203 
34013 
34e19 
34029 
34637 
34042 


33 
145—= 0.0W 


DEPTH 


0 
10 
20 
30 
30 
75 
99 
124 
149 
i74 
199 
223 
248 
298 
397 
496 
S95 
793 
990 
1188 


97 


DATE 25/7 1/77 


GMT 1804 
143 POINTS TAKEN FROM ANALGG TRACE 


SIGMA 
T 
25e71 
25671 
e208 
25071 
25071 
25e76 
26031 
26265 
26074 
26-81 
26285 
26-86 
26-90 
26695 
27206 
27215 
27022 
272033 
27042 
27648 


SVA 


22829 


22903 
22925 
229-6 
22908 
225e3 
1729 
14164 
132.7 
126e¢6 
12323 
l21 67 
118.8 
114.1 
£044 
9604 
907 
8007 
7207 
67 «9 


DELTA 
D 
O-.C€ 
0e23 
Oe 46 
0.69 
1.2.15 
Le 72 
2224 
2e63 
2.97 
3e29 
3e€0 
3eGl 
4e2l 
4.79 
5 288 
6089 
7282 
9e54 

11207 

12.48 


STATION P 


POT. 
EN 
0.0 
0-01 
0-05 
Oeil 
029 
0266 
lel2 
1256 
2204 
2097 
3217 
3283 
4256 
6219 
10208 
14.69 
19292 
32e11 
46.17 
61289 


SOUND 


1471. 
14726 
1472. 
1472. 
1472. 
1472. 
1469-6 
1470. 
14696 
1146S. 
146Ge 
1469.6 
1470.6 
1471. 
1472. 
1473. 
1475e 
1477. 
1480. 


300 


DB 


600 


CO 
=) 
© 


FBS SSE , 


12004 


1900.5 


eM Bee ae 
~ 8 hic 


16 
REF. NO. 77 - 1 - 3u 
S0-0.0 N 145-0.0 W 
MO.-1 DAY-26 GMT-17.8 
2 33 3 3D 
Ue POUNDERS SOWA IC 


OFFSHORE OQCEANCGRAPHY GROUP 


REFERENCE NOe 


POSITION 


PRESS 


0) 

10 
20 
30 
50 
75 
100 
bes 
150 
175 
200 
225 
250 
300 
400 
500 
600 
800 
1000 
1200 


T= i= 


50~ OeONe 
RESULTS OF STP CAST 


Te MP 


5232 
5e8l 
5-8l 
5e 82 
5282 
5-82 
4295 
4.69 
42606 
4239 
4.26 
4.09 
3¢96 
3284 
3-80 
3265 
3249 
jell 
2280 
2e 54 


SAL 


32265 
32¢65 
32265 
32264 
3263 
322e63 
32293 
33241 
33471 
Soerl 
33-79 
33681 
33-84 
33-90 
34204 
24613 
340219 
34.30 
34e37 
34042 


34 
145= 0.0W 


DEPTH 


0 

ain 
20 
30 
50 
75 
99 
124 
149 
174 
199 
223 
248 
298 
397 
496 
595 
793 
990 
1188 


99 


DATE 26/7 1/77 


GMT 17.8 
164 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
T 
25274 
25675 
25-74 
25074 
25073 
25-73 
26206 
26248 
26072 
26279 
26282 
26286 
26289 
26-95 
27e07 
27e15 
27222 
27234 
27043 
27249 


SVA 


22509 


226e1 
22626 
22762 
227-8 
22844 
196.7 
15769 
135el 
128-3 
125-5 
122.2 
119.0 
113.8 
103.8 
96-6 
GO0e5 
7908 
72e3 
67 24 


DELTA 
OD 

0.0 
Oecd 
0645 
0268 
1e13 
1.70 


2025" 


2670 
3206 
3239 
3e7i 
4eC2 
4032 
4.90 
5-98 
6099 
7293 
9 e652 
lle 14 
122653 


STATION P 


POT e 
EN 
0-20 
0eO0Ol 
0.2.05 
Oe10 
0029 
Oe€5 
1o14 
1265 
2016 
2e70 
3e3l 
3-98 
4e7i 
6633 

10220 

14-280 

20204 

32209 

46200 

61259 


SOUND 


1471. 
1471. 
14726 
14726 
1472-6 
1472.6 
1470.6 
14706 
14706 
14706 
14706 
146Ge 
14696 
147Ce. 


1471. 


L472. 
L4736 
14756 
L477. 
1480.6 


300 


DB 


600 


CO 
C* 
SS 


PRESSGRE, 


beUU 


1500.5 


TEMP ERARUREC, . © 
: 8 


REP. NO. 0 F = lL = 36 
50-0.0 N 145-0.0 W 


MG.-1 OR¥-2% GCHI-2U.s 


a 
SALIN! 


a 


UFFSHORE OCEANOGRAPHY GROUP 
REFERENCE NOe6 


POSITION 


oY 


77=- lo 
OeON, 


RESULTS OF STP CAST 


PRESS 


TEMP 


Se 80 
5.81 
5e80 
5-80 
523i 
5e 81 
5-73 
4264 
4.260 
4-41 
4219 
4.08 
4.00 
3290 
3.79 
3-69 
3650 
316 
286 
2057 


SAL 


32264 
32264 
32263 
32-63 
32062 
32062 
32266 
330622 
33-65 
33074 
330 7E 
33-81 
33-84 
33089 
34202 
34el12 
34e18€ 
34629 
34236 
34241 


36 
145= 0.0W 


DEPTH 


me) 
10 
20 
30 
50 
7S 
99 
124 
149 
174 
199 
223 
248 
298 
397 
496 
595 
793 
990 
1188 


101 


CATE 27/7 1/77 


GMT 20e9 
153 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
7 
25074 
25474 
25273 
25273 
25272 
25072 
25-76 
26233 
26268 
26077 
26¢82 
26285 
26039 
26094 
27205 
27014 
27e2il 
27033 
27 041i 
27248 


SVA 


22664 
22628 
22726 
228e0 
2288 
229el 
22546 
171.26 
138-8 
130¢5 
125-6 
12227 
L199 
11562 
LOSel 

9705 

9164 

Ble3 

7T4el 

68e2 


DELTA 
O 
0-0 
Oe23 
0-45 
0.68 
1214 
1.71 
2e28 
2077 
3e15 
3249 
3-8l 
4e12 
4242 
5eCl 
6el1l 
T7el2 
8e 07 
GSe79 
1134 
12.77 


STATION P 


POT. 
EN 

020 
OeCi 
0.05 
0210 
O0e29 
0266 
1217 
leZ72 
2026 
2e8l 
3042 
4.20S 
4282 
6.47 
10640 
15-03 
20233 
32258 
46.75 
62-72 


SOUND 


1471. 
1471. 
1471. 
1472. 
14726 
1472. 
1473-6 
1469-6 
1470. 
14706 
1469-6 
1460Ge 
1469.6 
1470. 
1471. 
1473-6 
14736 
1147S. 
1478-6 
1480. 


TEMPERATURE. 
“i 8 tha 


300 
en) 
600 
i | 
a 
oD 
wIIO0 REF. NO. 77 - 1 - 37 
Ei... 

SO-0.0 N 145-0.0 NW 
1c00 MO.-1 DAY-28 GMT-17.4 
eae 39 a 35 

SALIENT, cAgv 


UFFSHORE OCEANOGRAPHY GROUP 
77= l= 37 


REFERENCE NOe 
POSITION 


PRESS 


0 

10 
20 
30 
50 
tS 
100 
125 
150 
175 
200 
225 
250 
300 
400 
500 
600 
800 
1000 
1200 


SO*™ OQeONe 
RESULTS OF STP CAST 


TEMP 


5-83 
Se 84 
5e85 
5285 
5-83 
5278 
4-86 
4e71 
4253 
4.28 
4e12 
4.00 
3293 
3e 83 
3281 
3e 66 
3049 
3215 
2< 84 
2255 


SAL 


32263 
32263 
32262 
32<e62 
32¢63 
322605 
3297 
33248 
34¢03 
33-78 
33-80 
33283 
33-86 
33291 
34203 
34e13 
34020 
34230 
34237 
34043 


1495= 0-OW 


OEPTH 


¢) 
10 
20 
30 
50 
7S 
99 
124 
149 
i174 
199 
223 
248 
298 
397 
496 
595 
793 
990 
1188 


103 


DATE 28/7 1/77 


GMT 174 ' 
149 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
T 
25473 
25273 
25472 
25-72 
25073 
25-75°* 
26e11 
26255 


(26075 


26082 
26-84 
26-88 
26291 
26296 
27206 
27015 
27022 
27233 
27242 
27249 


SVA 


227¢5 
22729 
2280 
22829 
22823 
2266 
192ei 
152-5 
132el 
12620 
12344 
120e1 
117-25 
113-0 
104-8 
9625 
90.3 
80.7 
7304 
66.8 


OELTA 
D 

020 
0023 
02.46 
0-68 
1214 
1e7l 
2e25 
2e67 
302 


3234, 


3265 
3e 96 
4.283 
5-92 
692 
7 86 
9.57 
11210 
12.50 


STATION P 


POT « 
EN 
0.0 
0.01 
0-05 
0.10 
029 
02«65 
Leis 
le62 
2010 
2263 
3e23 
3289 
4.60 
6022 

10.09 

14.270 
19294 

32208 

46e13 

61475 


SOUND 


1471. 
1471. 
14726 
1472.6 
14726 
1472.6 
14696 
14706 
14706 
146G.e 
146G. 
14696 
146Ge. 
14706 
1471. 
1472.6 
14736 
1475e¢ 
1477.6 
1480. 


300 


DB 


6007 


CO 
jG) 
C5 


PRESSURE. 


1200 


1300.5 


104 


TEMP TIRE. iC 
“ 8 


REF. NG. 77 - 1 - 88 
SO-0.0 N 145-0.0 W 
HOt DAY-29 GHI-17-2 
Oh: 
dea 


2 3 
cor ask A fee (0) 418)10 


16 


ao 


OFFSHURE OCEANOGRAPHY GROUP 


REFERENCE NOe 
POSITION 


PRESS 


0) 

10 
20 
30 
50 
75 
100 
125 
150 
i7S 
200 
een 
250 
300 
400 
S00 
600 
800 
1000 
1200 


50= OeONe 
RESULTS OF STP CAST 


TEMP 


5282 
5e 83 
5-83 
5284 
Se 86 
5282 
5e38 
4264 
4.57 
4237 
4.18 
4.07 
3.97 
3e 85 
Je 77 
3265 
3247 
3e13 
2279 
2e5Si 


SAL 


32-65 
32264 
3263 
32262 
J2e62 
32-63 
32279 
33044 
33674 
33-78 
33-81 
3382 
33-86 
33290 
34.04 
34e14 
342620 
34230 
34238 
34444 


77=' i- 38 
1452 0-0W 


DEPTH 


.¢) 
10 
20 
30 


105 


DATE 29/7 1/77 


GMT 17.7 
158 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
T 
25074 
25274 
25073 
25072 
252-72 
2o0e73 
25e91 
26250 
26075 
26280 
2o<aS 
262-87 
260691 
260695 
27207 
27216 
27023 
27234 
27043 
27eSi 


SVA 


225¢9 
227el 
228-20 
22828 
229235 
228e1 
21ieS 
15Sel 
131-8 
12764 
L2342 


L2162_ 


11725 
1139 
10324 
G5e6 
8926 
80.3 
Tied 
6506 


DELTA 
D 
020 
Oe23 
0249 
0-68 
1214 
1e7i 
2ecel 
2e73 
3207 
3e 39 
ie ey | 
4-Qi 
4231 
4289 
5-2 S7 
6097 
7289 
9.59 
Tie id 
12248 


POT e 
EN 
0-0 
0.01 
0-05 
0.210 
00«29 
066 
Lel5 
1.67 
2e15 
2e69 
3.2S 
3295 
4267 
6e29 

10e¢15 

14.70 

19.89 

31497 

45483 

61.218 


STATION P 


SOUND 


ra71 
a ay ab ta 
1472.6 
14726 
NGI72}6 
1472.6 
1471. 
1469. 
1470. 
1147 O's 
146S. 
14696 
1469. 
14706 
Yar irs 
14726 
1473-6 
1475-6 
1477-6 
1479-6 


300 


DB 


600 


(O 
ey 


PRESS 


1200 


1300.5 


TEMPERE TORE oe 
4 8 a 


16 
REF. NO. 77 - 1 - 39 
50-0.0 N 145-0.0 W 
MO.-1 DAY-30 GMT-17.6 
ie a0 2 oe 
eT bc Vale b Met: go Of URE 


QFFSHORE OCEANQGRAPHY GROUP 


REFERENCE NO. 


POSITION 


PRESS 


0 
10 
20 
30 
50 
75 

100 
125 
150 
175 
200 
225 
250 
300 
400 
500 
600 
800 
1000 
1200 


502 OeON>e 
RESULTS OF STP CAST 


TEMP 


5e56 
5262 
$58 
5249 
5244 
5242 
4.264% 
4.65 
4.68 
4245 
4228 
4.09 
4-01 
3290 
3e 76 
3268 
3251 
3e14 
20 82 
257 


SAL 


32266 
32266 
32265 
32¢65 
32-65 
32266 
33eil 
33-58 
33-76 
33.80 
33-82 
33284 
33-86 
33-92 
34.203 
34213 
34219 
34230 
34237 
34043 


7T7= 1= 39 
14S5= 0.0W 


DEPTH 


Q 
10 
20 
30 
50 
75 
99 
124 
149 
174 
19S 
223 
248 
298 
397 
496 
595 
793 
990 
1166 


107 


DATE 30/7 1777 


GMT 1746 
132 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
T 
25-78 
25-78 
25277 
25-78 
25-79 
25-80 
26025 
26-61 
26-75 
26-81 
26284 
262-88 
26-90 
26296 
27-06 
27015 
27e22 
27234 
27242 
27249 


SVA 


222e2 
22302 
22306 
22247 
22244 
22169 


17903 


144.8 
L31le7 
1266 
123-6 
12063 
1182 
112.9 
104e1 
G6e7 
9069 
80e1 
T3ei 
6763 


DELTA 
D 
0-0 
O50.22 
0045 
Oe 67 
Lell 
1667 
2e20 
261 
2eS5S 
327 
_ 3258 
3-89 
4.18 
4-76 
5284 
6-89 
7278 
9049 
ileOQi 
12-41 


POT e 
cN 
0-0 
0-01 
0-05 
0210 
O04.2E 
0.64 
1.210 
1.257 
2e05 
2258 
3-18 
4.256 
6217 

10.04 

14.62 

19.87 

32200 

45-97 

612.65 


STATION P 


“SOUND 


1470. 
1471. 
L471. 
14706 
1471. 
1471. 
146G. 
14706 
14706 
14706 
14706 
146Ge. 
14696 
14706 
1471. 
14726 
1474.6 
1475.6 
1477. 
14806¢ 


300; 


DB 


600: 


CO 
cs 
(> 


PRESSURE. 


12004 


1300.5 


TEMPERRA DOE 
‘ 8 hc 


ac 
REF. NO. 77 = 1 = 40 
S0-0.0 N 145-0.0 W 
MO.-1 DAY-31 GMT-17.6 
32 oe 3 39 
SRE DNTP, Oe OG, 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOe 
POSITION 


PRESS 


0) 

10 
20 
30 
50 
75 
100 
L25 
150 
17S 
200 
225 
250 
300 
400 
500 
600 
800 
1000 
1200 


777 1= 


SO0= OeDON» 
RESULTS OF STP CAST 


TEMP 


5296 
5e S6 
5e¢96 
5296 
5e 96 
5292 
5201 
4-67 
4.67 
4243 
4232 
4216 
4204 
3-91 
3478 
3-69 
3254 
3218 
2e 86 
2258 


SAL 


32-63 
32-63 
32-63 
32263 
320¢62 
32264 
32.98 
33048 
33-72 
336 77 
33-79 
33281 
34084 
33.88 
34.01 
34el1 
34.18 
34.29 
34237 
34042 


40 


145= 0.0W 


DEPTH 


¢) 
10 
20 
30 
SO 
75 
99 
124 
149 
174 
199 
223 
248 
298 
397 
496 
595 
793 
990 
1188 


109 


DATE 31/7 1/77 


GMT 1726 
167 POINTS TAKEN FROM ANALGG TRACE 


SIGMA 
T 
25.71 
25071 
25-71 
25e71 
25-70 
25-73 
2610 
26053 


26072. 


26-79 
26282 
2685 
26-88 
26293 
27204 
27214 
27e2al 
27233 
27042 
27249 


SVA 


229.0 
22964 
22905 
22926 
230¢5 
228% 
193.0 
1524 
13429 
12806 
125¢e9 


12320 


120-0 
116.0 
106e2 
9820 
91 e9 
8164 
7301 
6726 


DELTA 
D 
OeC 
O0e23 
0+ 46 
0.69 
1eld 
1.72 
2026 
2269 
3205 
3238 
3270 
4e0i 
422i 
4290 
6.01 
7203 
7298 
Ge7@7l 
Ale25 
12e65 


STATION P 


POT e 
EN 
Oe0 
0-01 
0-05 
Oeil 
0e29 
0.66 
1e14 
1.63 
2el3 
2267 
Jie ee 
3095 
4265S 
6234 
10.28 
14696 

20027 

32¢59 

46073 

62240 


SUUND 


14726 
1472-6 
14726 
14726 
14736 
14736 
14706 
14706 
14706 
14706 
147Ge 
14706 
14706 
14706 
1471. 
14736 
1474.6 
14766 
1478-6 
1480.6 


300 


DB 


600; 


PRESSURE 


12001 


150025 


CO 
C) 
iJ 


TEMPERED yee 
“4 fs) 


REF. NO. 77 - 1 - Ul 
S0-0.0 N 145-0.0 W 
Ma.-2 DAY-2 GMT-0.3 
tia. 
TY 


C 3 
SRLINITY,. 0708 


air 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NU. 


POSITION 


PRESS 


) 
10 
20 
30 
50 
75 
100 
‘125 
150 
175 
200 
225 
250 
300 
400 
500 
600 
800 
1000 
1200 


77- 1-< 


50~= OeDONe 
RESULTS OF STP CAST 


TEMP’ 


Se78 
575 
5e75 
Se 74 
5270 
5057 
5207 
4272 
4.67 
4.39 
4e22 
4212 
3299 
30290 
3e 76 
3262 
3246 
3-08 
279 
20 54 


SAL . 


32265 
32264 
32203 
32263 
32264 
32-66 
32-99 
33-59 
33-76 
33-78 
‘33e 82 
33483 
"33-87 
33092 
34.06 
34e15 
34e22 
34231 
34.239 
34244 


41 
L45—= 0-0W 


pi 


DATE 
GMT 


2/ 2/77 
063 


STATION P 


141 POINTS TAKEN FROM ANALGG TRACE 


‘DEPTH 


SIGMA 
T 
25e75 
25-75 
25074 
25474 
25675 
25-78 
26-10 
26 61 
26275 
26 80 
26.85 
26-87 
26-91 
26296 
27.08 
27017 
27224 
27635 
27244 
27.50 


- SVA 


22504 
226el 
227.0 
226-9 
2262-0 
22364 
193062 
144.7 
131-6 
127-3 
122-9 
i21e3 
117.3 
Li2e9 
10262 

9464 

8826 

78e8 

714 

6620 


DELTA 
D 

0-0 
0.23 
0645 
0.68 
1.13 
1.70 
2023 
265 
2099 
3032 
3063 
3.93 


4023 ' 


4eEl 
5-289 

6687 

7.79 
9245 
10-eS5 
1232 


POT e 
EN 
00 
0.01 
0.05 
0210 
Oe29 
02.65 
lel2 
1.260 
2208 
262 
3222 
3-88 
4.260 
6e21 

10e0€E 

14255 

19.69 

31-53 

45-21 

60.260 


SJUUND 


147le 
1471. 
1471. 
L471. 
1472.6 
1471. 
14706 
14706 
1470.6 
1470-6 
146S 6 
14696 
14696 
14706 
1471e 
1472.6 
14736 
14756 
1477. 
1480-6 


300 


DB 


600: 


CO 
‘os, 
© 


PRESSURE: 


Le0U0; 


Ie 
SAL INI 


TEMP BRALU ae ee 
* 8 


Mer s NO. Fr = lL ~ &3 
00-0.0 N 145-0.0 W 
MOu-2 DAT<e GAT =20 28 


SS: 3 
Vk, U/ OO 


a9 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOec 


POSITION 
RESULTS 


PRESS 


0) 

10 
20 
30 
SO 
3 
100 
12s 
150 
175 
200 
225 
250 
300 
400 
500 
600 
800 
1000 
1200 


773s 1-= 


50= OeON, 
OF STP CAST 


TEMP 


5278 
Seer 
Se77? 
5-77 
Se 75 
5-58 
5e25 
4258 
4252 
4228 
4e11 
4202 
386 
3278 
3268 
3250 
3e13 
283 
255 


SAL 


32-63 
32263 
32<¢62 
32262 
J2e62 
32264 
32277 
33e22 
33261 
33277 
33-81 
33283 
33486 


33691: 


34203 
34el2 
34220 
34e351 
34639 
34044 


43 
145—= 0.0W 


DEPTH 


f) 
10 
20 
30 
50 
75 
99 

124 
149 
174 
199 
223 
248 
298 
397 
496 
595 
793 
990 
1188 


113 


DATE 


2/ 2/77 


GMT 20¢8 
156 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
T 
25073 
25073 
25273 
25473 
256¢3 
25077 
25691 
26434 
26263 
26278 
26284 
26287 
26290 
26296 
27.06 


27014 


27022 
27235 
27244 
27.50 


SVA 


22609 
22702 
22726 
228el 
22709 
22407 
211-7 
171-0 
143-5 
12926 
124e3 
i21.3 
118.25 
igeare 
104.3 

9704 

9002 

7907 

712-8 

6509 


DELTA 
8) 

OeC 
0023 
0245 
0-68 
1214 
1e7il 
2026 
2073 
3212 
3046 
30/78 
4-2C8 
4.238 
42596 
6204 
729095 
7e939 
9268 

141219 

12.657 


STATION p 


POT. 
EN 
020 
0.01 
0205S 
0210 
00«29 
0265 
1.14 
1268 
2e243 
2e73 
3239 
4<06 
4.278 
6041 
1026 
14.88 
200613 
32¢16 
45699 
61-38 


SOUND 


1471-e 
1471. 
L471. 
1471e 


14726 


147 
1471s 
1469. 
14704 
1470 
14706 
1465. 
14696 
14706 
1471. 
1672s 
14736 
1475-6 
1477. 
14806 


300 


DB 


6004 


CO 
is 
c=) 


PFRESOU Me: 


12004 


1900,5 


TEMPER AAU ree. . Se 
4 8 woe 


16 
REF. NO. 77 - 1 - Yu 
50-0.0 N 145-0.0 W 
MO.-2 DAY-3 GMT-17.7 
“s 33 3 39 
SALAMA TNs, ADO 


OFFSHORE OCEANOGRAPHY GROUP 
REFERENCE NOe 


POSITION 


50= 


77- 
OeONy 


RESULTS OF STP CAST 


PRESS 


0) 

10 
20 
30 
50 
7S 

~ 100 
Bo be see] 
150 
175 
200 
225s 
250 
300 
400 
500 
600 
800 
1000 
1200 


TEMP’ 


5277 
5e78 
5279 
5079 
5e79 
5267 
Se2e5S 
4270 
4-70 
4.55 
4235 
4.219 
4.01 
je 89 
3279, 
3e67 
3249 
3e15 
2084 
2057 


SAL. 


32265 
3264 
32264 
32-63 
32063 
32264 
32074 
33.23 
33-72 
33-79 
'33.-81 
33.83 
"3386 
33092 
342404 
34013 
34-20 
34.30 
34.37 
34243 


l= 44 
145=- 


‘OEPTH 


0 
10 
20 


0.0W 


119 


DATE 


SIGMA 
T 
25-75 
25474 
25-74 
25473 
25273 
25276 
25-88 
26-33 
260672 
26279 
26283 
26-86 
26-90 
262-96 
27.07 
27eli6é 
27023 
27234 
27242 
27-49 


3/ 2477 
GMTIST Te S7 
172 POINTS TAKEN FROM ANALOG TRACE 


- SVA 


225e3 
2266 
22667 
22726 
227.8 
22546 
214.0 
171.25 
13520 
128% 
12520 
122.20 
118.2 
1128 
103.8 
S6el 
89-8 
80e5 
7305 
67 e2 


DELTA 
Oo 

0.0 
0.23 
0.45 
0.68 
1.14 
T70 
2225 
2.73 
3e1l 
3044 
3.76 
4.07 


4e37 


494 
6.02 
7203 
7296 
 9e66 
11219 
12.60 


STATION P 


POT e 
EN 
0-20 
Oe Ql 
0.05 
0-10 
0e29 
0.65 
12614 
1.69 
2e22 
2e 76 
3237 
4204 
4-76 
6237 
10e23 

14682 

20203 

32013 

46217 

61293 


SJYUND 


1471. 
1471. 
1471. 
i472. 
1472.6 
1472.6 
1471. 
1469.6 
1471.6 
1470.6 
1470.6 
1470. 
146Ge 
14706 
1471le 
14726 
14736 
14756 
1477. 
14806 


S00 3 


DB 


600 


43 
[ 
es 


Kigi@esys ieynhae 


1200: 


1500.5 


(EMPERATURE.. € | 
~ 8 igre eee GS 


REF. NO. 77 = Los Be 
90°-0.G N. 145-0.0 NH 


M@.se DAY=-4 GHT=-18.3 


C a3 3 35 
Set a Tt We Aan 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOs 


POSITION 


PRESS 


77=- l= 


SO~ OQeONe 
RESULTS OF STP CAST 


TEMP 


5-268 
5-68 
5269 
5-68 
5265 
5238 
5210 
4e44 
4e57 
4e21 
4-09 
4202 
3e9i 
3.79 
3-66 
350 
3214 
2283 
2.59 


SAL 


322606 
32-<65 
32265 
32264 
32265 
32-268 
32e82 
33239 
33274 
33278 
33-82 
33284 
330 87 
33.91 
34203 
34el12 
34220 
34429 
34e37 
34042 


45 
145—= 0.0W 


DEPTH 


OQ 
10 
20 
30 
50 
75 
99 
124 
149 
174 
i9g 
223 
248 
298 
397 
496 
595 
793 
990 
1188 


ay 


DATE 


4/ 2/77 


GMT 1803 
135 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
T 
25477 
25276 
25-76 
25476 
25076 
25082 
25296 
26649 
26675 
26-80 
26285 
26288 
26291 
26295 
27206 
27215 
27022 
27233 
27042 
27248 


SVA 


. 22365 


2246 
22428 
225043 
2247 
21909 
20604 
156¢8 
1324 
127.8 
123-1 
120.3 
117.5 
pp x Ee 
1046 
9609 
G0e4 
8007 
7320 
67 09 


DELTA 
8) 
020 
0-22 
0245 
02e67 
Lel2 
1.68 
2e66 
3eQl 
3234 
ae OS 
3695 
4025 
4283 
5 e92 
6293 
Te &6 
9257 
11210 
i250 


STATION P 


POT. 
EN 
0-0 
0e0i 
0.05 
0210 
0.29 
02-64% 
lele 
1.63 
2ell 
2e65 
3025 
3e9l 
4.263 
6025 
10213 
14274 
19.98 
32-210 
46e12 
61.88 


SGUND 


L471e 
1471e 
1471. 
1471. 
1471e 


71 All ite 


14706 
14696 
1470. 
1470. 
14696 
1469-6 
14696 
1470.6 
Lori. 
tov. 
Pars. 
14756 
[atte 
1480. 


Seis) 


DB 


600 


CO 
CS 
cs 


Miaesensyel ice 


rast hd 


19005 


Te er eee eae 
~ 8 le 


16 
REF. NO. 77 - 1 - U6 
50-0.0 N 145-0.0 W 
M0.-2 DAY-S GMT-17.5 
é 5) 34 a2 
SIT Ny MO) 7: 


OFFSHORE OQCEANCGRAPHY GROUP 


REFERENC 
POSITION 


E NOe 
50= 


T7= le= 
QeON, 


RESULTS OF STP CAST 


PRESS 


0) 
10 
20 
30 
50 
7S 
100 
leS 
150 
175 
200 
225 
4250 
OU 
400 
500 
600 
800 
1000 
1200 


TEMP 


SAL 


322e63 
32263 
32263 
32263 
J2e63 
32265 
32-89 
33-38 
33274 
33-77 
33-81 
33-82 
33-86 
33293 
34204 
34e13 
34-220 
34629 
34637 
34042 


406 
145= 0.0W 


DEPTH 


0) 
10 
20 
30 
50 
75 
99 

124 
149 
174 
199 
223 
248 
298 
397 
496 
595 
793 
990 
1188 


119 


DATE 


D4. Ch17 


GMT 17¢5 
162 POINTS TAKEN FRUM ANALOG TRACE 


SIGMA 
, 
2574 
25.74 
25.74 
25074 
2575 
25.79 
26204 
26047 
26074 
26.78 
26083 
26286 
26290 
26.97 
ab de 
27015 
27223 
27233 
27042 
27.49 


SVA 


22642 
22605 
22626 
22698 
22509 
222-9 
1968.6 
158e5 
L33e2 
129.1 
124-7 
122.20 
118el 
11200 
103.6 

9628 

90.0 

81-0 

7303 

676 


DELTA 
D 
vies 
0.23 
0045 
0-68 
Leis 
1269 
2e23 
2 666 
36C2 
3.35 
3.67 
3.98 
428 
4.85 
5.93 
6093 
7.87 
957 
11210 
12.50 


STATION P 


POT. 
EN 

0-0 
0-01 
0-05 
0-10 
0029 
0265 
lel2 
le62 
2el2 
2266 
3e27 
3294 
4.06 
6027 
LOel2 
14269 
19294 
32206 
46205 
61669 


SOUND 


1471. 
a a 
Part. 
1471. 
1471. 
1471 
1469. 
1469. 
Taz. 
Ewan 
1470. 
14706 
1469. 
1470-6 
147. ¢ 
14726 
14736 
14756 
14786 
14806 


300 


DB 


600 


CO 
=, 
=) 


PRES Sunes 


12004 


TEMPERRIURE, € 
2 S) re 


16 
REF. NG. 77 + 1 = Uy 
50-0.0 N 145-0.0 W 
MO.-2 DAY-6 GMT-17.8 
ofa ofe: 3 Die 
DRL NITY, O/00 . 


OFFSHORE OCEANCGRAPHY GROUP 
REFERENCE NU. 


POSITION 


50= 


OeONoe 


RESULTS OF STP CAST 


PRESS 


e) 
10 
20 
30 
50 
79 

100 
125 
iso 
175 
200 
e225 
250 
300 
400 
500 
600 
800 
1000 


1200. 


TEMP 


5e75 
5275 
5275 
5275 
5274 
Seu i 
5e11 
Ne 09 
4.50 
4e 31 
4214 
4-01 
3-88 
3279 
367 
3-50 
3eil2 
2e79 
2e5i 


SAL 


32264 
32-63 
32-63 
22263 
32-64 
32< 64 
32.89 
33232 
33671 
33278 
33-81 
34284 
33-87 
33494 
34204 
34012 
34-220 
34e32 
34238 
34243 


47 
145- 0.0W 


DEPTH 


O 
10 
20 
30 
50 
75 
99 

124 
149 
174 
199 
223 
248 
298 
397 
496 
595 
793 
990 


11868 


121 


DATE 


6) 2717 


GMT 17.8 
163 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
4 
25075 
25074 
25474 
25074 
25274 
25e75 
26002 
2640 
26071 
26279 
260« 83 
26-87 
26-91 
26298 
27-07 
e7elS 
27223 
27235 
27043 
27-50 


SVA 


22509 
226.6 
227.20 
227-1 
22722 
22605 


a0 SbeiZ 


1648 
12623 
128.5 
124-6 
120.7 
1177 
Alle2 
1036 
96.9 
GO0el 
7808 
712-9 
65 08 


DELTA 
0 
020 
0.23 
0645 
0268 
1.13 
1-70 
Le 24 
2e70 
3207 
3249 
3e72 
4202 
4232 
42&9 
5.97 
6eS7 
7290 
9059 
Aio lO 


122647 


STATILONY P- 


POT. 
EN 
020 
0.01 
0-05 
Oe10 
029 
O0e69 
Lel3 
1265 
2el7 
2e72 
332 
3298 
471 
60e31 
10.213 
14e7} 
19.94 
31.95 
45-78 
6Glieil 


SUUND 


1471. 
L471. 
1471. 
1471. 
1472.6 
1472-6 
14706 
1470.6 
1471. 
1470.6 


‘14706 


1470.6. 
1469-6 
1470-6 
14le 
14726 
14736 
1475-6 
1477. 
1479-6 


300: 


OO) : 
—6 00+ 


CO 
a 
© 


rin Sie» 


12004 


1EMPERR LUBE. 
4 S lie 


16 
REF. NO. 77 - 1 - 4s 
50-0.0 N 145-0.0 A 
MO.-2 DAY-7 GMT-17.5 
2 32 34 = be 
SALINITY, @£00 


OFFSHORE OCEANGGRAPHY GROUP 


REFERENCE NUe 


PCSITION 


PRESS 


0 

10 
20 
30 
50 
73 
100 
125 
150 
175 
200 
225 
250 
300 
400 
500 
600 
B00 
1000 
i200 


?7= le 


50—>= OeDONe 
RESULTS OF STP CAST 


TEMP 


Se73 
5e72 
Se72 
5-73 
5274 
5e72 
4e 86 
4.71 
4.67 
4244 
4.26 
ela 
4203 
3e92 
378 
3-67 
3249 
3e15 
2e8il 
2e58 


SAL 


32.68 
322e6€ 
32268 
32267 
3266 
32266 
33<¢02 
33244 
33274 
33-80 
33-82 
33.85 
33087 
332092 
34203 
34013 
34e20 
34229 
34238 
34243 


48 
145= 0.0W 


OEPTH 


123 


DATE 


VHP ALEC 


GMT 175 
165 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
i 
25678 
25-78 


25-78 


25077 
25e76 
25276 
26e15 
26250 
26 o74 
26-81 
26-85 
26288 
26-91 
26296 
27206 
27elS 
27023 
27633 
27044 
27049 


SVA 


22246 
222¢8 
22 3041 
223-9 
22520 
225e1 
188-8 
155e9 
13364 
126¢5 
123-3 
120601 
117.9 
113-1 
964 

90e«l 

8009 

Tie? 
67 03 


DELTA 
O 
0.20 
Oe22 
0245 
067 
lel2 
1.68 
220 
2063 
2099 
3e 31 
362 
3093 
4222 
4.80 
50 &8 
6288 
782 
9252 
11204 
12643 


STATIGN Pp 


POT. 
EN 
0.0 
0eOl 
0205 
02-10 
0.29 
02.6% 
1ell 
1.260 
209 
22663 
Je ce 
3-88 
4260 
6e22 

10208 
14.66 
19.88 

31.99 

45eG2 

6ie¢51 


SUUND 


1471e 
l1G471le 
L471. 
1471le 
14726 
14726 
1469 6 
1470.6 
14706 
14706 
1470. 
14696 
14706 
14706 
1471. 
14726 
14736 
14756 
1477. 
14806 


300 


DB 


600 


CO 
SS 
= 


PRESSURES 


12004 


1o00,5 


PEP re | OP 
“ 8 dy cour 16 


REF. NO. 77 - 1 - ug 

S0-0.0 N 145-0.0 WW 

M0.-2 DAY-8 GMT-17.4 

33 3 Sire 
vt | 


< 
SIHLIMI IT, O00 


OFFSHORE OCEANCGGRAPHY GROUP 


REFERENCE NUe 


POSITION 


PRESS 


0) 
10 
20 
30 
50 
75 

100 
125 
150 
175 
200 
225 
250 
300 
400 
500 
600 
800 
1000 
1200 


Tf I~ 


502 QeONe 
RESULTS OF STP CAST 


TEMP 


9e52 
5-52 
5253 
5-53 
5-52 
5247 
4-96 
4.250 
4.247 
4.28 
4e2 14 
4-05 
3298 
3.91 
3.e 8l 
3-¢66 
3252 
3615 
2283 
2.57 


SAL 


3264 
32-263 
32-263 
32263 
32063 
32263 
32295 
33-99 
33273 
33-79 
33-82 
33284 
33486 
33-91 
34203 
34ei11 
34218 
34e29 
34436 
34042 


49 
145= 0.0W 


DEPTH 


) 
10 
20 
30 
50 
75 
99 
124 
149 

174, 
199 
223 
248 
298 
397 
496 
595 
793 
990 
1188 


AZo 


DATE 


8/ 2/77 


GMT 174 
160 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
T 
25-77 
25-76 
25276 
25-76 
2576 
25077 
26-08 
26-64% 
26275 
2682 
26286 
262-88 
26-91 
26-95 
27-06 
27014 
27e2i 
27033 
270242 
27249 


SVA 


223642 
22404 
2246 
224e6 
22407 
22404 
195¢0 
142 04 
132-0 
1256 
121.9 
11969 
1179 
113067 
104.6 
97.8 

91.25 

Bl 04 

7325 
67 03 


DELTA 
D 
OeC 
Oe22 
0245 
0.67 
Lel2 
1268 
2e2l 
2064 
2098 
3e 30 
3eGl 
3e91 
4e2i 
4279 
5-88 
6<e E9 
72&4 
9.256 
lieil 
i2e5Si 


STATION P 


POT. 
EN 
020 
0-O0l 
0205 
0-10 
Oe29 
0264 
leli 
1260 
2-08 
2e61 
320 
3486 
457 
6e20 

10-07 

14-70 

20-00 

32028 

46242 

62e1i13 


SOUND 


14706 
14706 
1470.6 
1471. 
1471. 
1471e 
1470. 
1469.6 
14706 
146Ge 
1469-6 
1469-6 
1469-6 
1470.2 
L471e 
1472.6 
1474.6 
14756 
1477. 
1480-6 


300; 


DB 


600- 


CO 
S 
es 


PA ES reitees 


1200: 


1500.5 


Jatatl eb ey OTece one 
2 6) le 


BER. NO. 77 = Sb 
S0-0.0 N 145-0.0 A 
MO.-2 DAY-9 GMT-20.4 
oe 
a 


C $ 
SHELIA aie okra 


16 


tae 


OFFSHORE OCEANGGRAPKHY GROUP 


REFERENC 
POSITION 


E NOe 
50= 


T7=- 1= 
OeON, 


RESULTS CF STP CAST 


PRESS 


e) 

10 
20 
30 
50 
75 
100 
125 
150 
iv 
200 
225 
250 
300 
400 
500 
600 
800 
1000 
1200 


TEMP 


5-71 
3e70 
5e70 
5-70 
5e71 
Se71l 
5229 
4272 
4-272 
4.52 
4.26 
4e12 
4.04 
3692 
3282 
3269 
3e5il 
3e15 
2e83 
2057 


SAL 


51 . 
145= 0.0W 


DEPTH 


127 


CATE 


SIGMA 
rT 
25276 
25675 
25074 
25474 
25474 
25273 
26204 
26248 
26073 
26278 
26-83 
26-86 
26-89 
26294 
27.205 
27014 
27e2i 
27233 
27242 
27248 


Q9/ 2/77 
GMT 20.4 
147 POINTS TAKEN FROM ANALOGG TRACE 


SVA 


224.26 
225-5 
22603 
226.6 
227.1 
22769 
199e2 
157.0 
1337 
12926 
12428 
121-8 
119.1 
11524 
105.8 

98-20 

9iel 

Elel 

7301 

6709 


DELTA 
D 
0.0 
0.23 
0045 
0-68 
le NS! 
1270 
2025 
2ed9 
3205 
ae 37 
3269 
4.CO 
4.30 
4.88 
5.98 
7200 
72S5 
9266 
11019 
12-60 


STATION P 


POT. 
EN 
0.0 
OeCl 
0.05 
0210 
O0e29 
0265 
1214 
1-65 
2014 
2<e68 
3e96 
4.68 
6e32 
1024 
14.89 
200618 
32¢39 
46042 
62e17 


SQUND 


L47Le 
1471. 
1471. 
1471. 
14726 
1472.6 
1471. 
1470. 
1471. 
1470.6 
1470. 
1469.6 
14706 
14706 
L471. 
14736 
1474-6 
1475. 
1477. 
14806. 


TEMPERA TURE+« -6 
: 8 lie 


300 
aa) 
600 
pone 
Oc 
=e) 
- 
e100 REF. NO. 77 - 1 - Se 
a bay 

: S0-0.0 N 145-0.0 NN 
1c00 MO.-2 DAY-10 GMT-17.5 
adie | 35 33 335 
SALINITY, O/GO 


OFFSHORE OCEANOGRAPHY GRQUP 


REFERENCE NOe 


POSITION 


PRESS 


50— OeONs 
RESULTS OF STP CAST 


TEMP 


3082 
Se 82 
5-82 
5283 
52 84 
5.75 
42-73 
4.278 
4.67 
4-41 
&e21 
4210 
3-99 
3e91 
3e8i 
3-66 
3-48 
3e13 
228i 
2052 


SAL 


32263 
32262 
32262 
32261 
32e61 
32-70 
33018 
33-61 
33-76 
3 3ient & 
33-81 
33483 
33.85 
33-90 
34203 
34e13 
34220 
34430 
34-37 
34243 


S2 
145— 0.0W 


DEPTH 


0) 
10 
20 
30 
50 
75 
99 

124 
149 
174 
199 
223 
248 
298 
397 
496 
595 
793 
990 
1188 


129 


DATE 10/4 2/77 


GMT 17¢5 
157 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
T 
25073 
25472 
25e72 
25471 
25671 
25280 
26029 
26262 
26675 
26-80 
26284 
26-387 
26290 
26095 
27-06 
27015 
27023 
27234 
27043 
27250 


SVA 


22704 
22845 
22826 
22945 
229¢9 
22261 
17524 
143-9 
131.6 
1274 
123-5 
121.0 
118-7 
114e5 
104.065 

9602 

8909 

B80e2 

7206 


66e1 


DELTA 
D 
OeC 
0623 
0°46 
0-69 
1215 
1.72 
2e2l 
2e€0 
2094 
3227 
3258 
3-89 
419 
4 eff? 
Se 8&6 
6-86 
7280 
9-250 
11¢02 
12240 


STATION P 


POT. 
EN 
O20 
0.01 
0205 
0210 
029 
0.66 
1209 
1254 
2e02 
2296 
Serko 
382 
454 
6el7 
10.06 
14266 
19-89 
31298 
45290 
61233 


SOUND. 


1471. 
1471. 
14726 
1472. 
14726 
1472. 
14696 
14706 
14706 
14706 
1460G9-6 
14696 
14696 
14706 


11471. 


14726 
14736 
14756 
1477.6 


1479.6 


TEMP eh eee 
\ 8 re 


6 16 
6 
30:0 
ae) 
6004 
ae 
os Ble 
a) 
= aes 
WiI0U 4 REE. NOmr ote) nos 
Q- 
50-0.0 N 14S-0.0 W 
1c00 : HO, =2, DAY—-11 GMT—17.8 
apt | i. BE: 3 35 
SHLEINT be, O70 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOe 


POSITION 


PRESS 


) 
10 
20 
30 
50 
75 
100 
125 
150 
175 
200 
225 
250 
300 
400 
500 
600 
800 
1000 
1200 


77- le 


50 OeONs 
RESULTS OF STP CAST 


Te MP 


560 
5e6l1 
5e61 
5°62 


5263: 


5-63 
4.89 
4.77 
4252 
4.30 
4.14 
4-04 
3298 
3-91 
379 
3e 64 
3049 
3-17 
2284 
2057 


SAL 


32067 
3206 
32264 
32<63 
3262 
32-62 


SIDE 


33256 
23-474 
33278 
33482 
33085 
33.88 
33693 
34206 
34613 
3419 
34230 
‘34-36 
34642 


53 
145—= 0-08 


OEPTH 


0) 
10 
20 
30 
50 
75 

99 
p26 
149 
174 
199 
223 
248 
298. 
397 
496 
595 
793 
990 
1188 


31 


DATE 11/7 2/77 


GMT 1728 
174 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
1é 
25-79 
oer T 
25-76 
25-76 
25274 
25-75 
26217 
26659 
26275 
26-81 
26286 
26289 
26-92 
26-97 
27208 
27216 
27022 
27234 
27241 
27248 


SVA 


22169 
223-8 


224.6 


22503 


22667 


22647 
186e2 
1475 
13146 
126.3 
122-0 
119-0 
1164 
112.3 
102.3 

9509 

90-8 


/ 80e6 


7420 
67029 


DELTA 
D 
0-20 
Os'22 
0045 
067 
inde 
“a«69 
Bie 
2064 
2.98 
8.30 
361 
3%. $2 
4.21 
4.78 
5.85 
6 084 
7.78 
9249 
11204 
12046 


STATION P 


POT e 
EN 
0-0 


OeCl | 


0205 
0210 
0229 
0.65 
Lel2 
1.59 
2e08 
2061 
320 
3-86 
4.57 
6017 


9.99 


14.52 
192675 
31292 
46e12 


61.98 © 


SOUND 


1470. 
1471. 
1471. 
L471. 
1471. 
1472-6 
1470. 
1470. 
1470-6 
1469. 
1469. 
1469. 
1469. 
14706. 
1471. 
1472. 
14736 
14756 
1477. 
1480. 


300 


DB 


600 


CO 
Ce. 
SS 


PP Soe 


1ecQQ0, 


1500, 


LEMP ERGOT eens 
5 S) Pa 


16 
REF. NO. 77 - 1 - SU 
u9-17.0 N 134-40.0 A 
M.-2 DAY-14 GMT-15.1 
oa 38 54 . ee 
SE LINE Tee 


233 


OFFSKCRE OCEANQGRAPHY GROUP 

REFERENCE NOe 77- 1= 54 DATE 14/7 2/77 STATION 8 
POSITION 49=17¢e0N, 134—40-20W GMT 15e1 

RESULTS CF STP CAST 183 POINTS TAKEN FROM ANALOG TRACE 


PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. SJQUND 
T D EN 
) 8.18 32044 Om 2eees 27156 0-0 00 1480.6 
10 8-18 32043 10 25226 27248 0.27 O.Ol 1480.6 
20 8219 32043 20 25.25\ 27302 0.55 Q206 7 148i. 
30 8218 32642 30 25225 ‘27328 0-82 001341481. 
50 8218 32042 50 25025 27461 1.37 0.35 41481. 
75 8014 32043 7S 26626 27345 2-05 O79 1481. 
100 6016 32281 99 252683 21963 2-67 1034 1474, 
125 52 84 33014 124 260613 1906 3.19 1.92% 1474. 
150 5.95 3349 149 26239 16662 3-63 2,04 1 14756 
175 5.87 33-77 174 26262 14469 4.02 3e18. 14766 
200 5262 236 84 199 26071 137-0 4.237 3e85 1475-6 
225 535 33-86 223 260e76 132-6 4070 @e58 14756 
250 5214 33-88 248 26e80 129-20 5.03 5037 14746 
300 4.76 3391 298 26¢86 12269 Se 66 7el@t LAT36 
400 4.18 34.01 397 27-01 11020 6-81 lice2a? ta7B¢ 
500 3.89 34-09 496 27010 10165 7287 16-07 1473-6 
600 3-67 34017 595 27018 9464 8-285 21657 1474.6 
800 Je ot 34.28 793 27.30 B30e8 10663 34023 1476-6 
1000 2-98 34-36 990 27240 756% 1222 48.79 1478.6 


1200 2-68 34241 1188 27047 69e3 13466 64.695 14806 


300+ 


DB 


600: 


CO 
@) 
© 


PRESSURE, 


1200 


1300,5 


TE NUP RA TOI ee, a 
uh Saphere le 


16 
REF. NO. 77 - 1 = $6 
u9-10.0 N 132-40.0 NW 
MO.-2 DAY-15 GMT-1.0 
C 33 34 33 
SALINITY, @700 


OFFSHORE QCEANCGRAPHY GROUP 


REFERENCE NOe 


POSITION 


PRESS 


0 

10 
20 
30 
50 
7S 
100 
125 
150 
i7s 
200 
225 
250 
300 
400 
S500 
600 
800 
1000 
1200 


77 1= 


49=10¢0N, 
RESULTS OF STP CAST 


TEMP 


9-00 
8e 88 
8-37 
8-86 
7.79 
6238 
6433 
6228 
6209 
5-85 
5e53 
5e25 
42.37 
4200 
376 
3245 
3210 
2072 


SAL 


3233 
aee 33 
32¢33 
32e¢33 
32233 
32266 
32287 
33022 
33264 
33280 
33-85 
33-87 
33-87 
3438S 
33-98 
34206 
34015 
34027 
34237 
34242 


56 
i32-40.0W 


135 


DATE 15/7 2/77 


GMT 


120 


STATION 7 


175 PGINTS TAKEN FROM ANALOG TRACE 


DEPTH 


0 
10 
20 
30 
30 
7S 
99 

i124 
149 
174 
199 
223 
248 
298 
397 
496 
595 
793 
990 
1186 


SIGMA 
‘i 
25-05 
25207 
25-07 
25-08 
25-08 
25049 
25-85 
260 13 
26047 
26662 
26-69 
26274 
26478 
26283 
26-96 
27206 
2716 
27228 
27240 
27047 


SVA 


291-5 
290¢2 
29002 
29002 
290e6 
251el 
2174 
19le2 
1594 
14564 
1388 
13369 
131.0 
126-3 
114.5 
105e2 

G7eC 

8509 

7509 

6903 


DELTA 
D 
020 
0.29 
Q.58 
0-87 
1245 
2e16 
2e75 
3e26 
32069 
4.07 
4e43 
4-77 
5210 
Se 74 
62394 
8204 
9205 
10.88 
12e50 
13-S4 


POT. 
EN 
0.0 
0-01 
0.06 
0Oe13 
0.37 
0282 
1234 
1293 
2254 
3-16 
3284 
4298 
5238 
7218 
11245 
16 e48 
22e13 
35214 
49.98 
66eii 


SOUND 


14336 
1483-6 
1483. 
14836 
1484. 
1480-6 
1475.6 
1476.6 
1477.6 
1477. 
1476.6 
14756 
1475-6 


1474. 


1474.6 
1474. 
147S5e 
1477. 
14796 
1480. 


300 


DB 


600 


CO 
= 
c 


POBSSERE 


12004 


1900.5 


ee EB la tera 
Li 8 I 


16 
REF. NO. 77 - 1 - 57 
u9-2.0 N 130-40.0 W 
Md.-2 DAY-15 GMT-9.8 
C BS 3 ye 
Si Liga ate et ae 


OFFSHORE OCEANCGRAPHY GROUP 


REFERENC 
POSITION 


t NUe 
49= 


77- l= 
2eON, 


RESULTS GF STP CAST 


PRESS 


0) 

10 
20 
30 
50 
75 
100 
1258 

i SO 
175 
200 
229 
250 
300 
400 
500 
600 
800 
1000 
1200 


TEMP 


9e2i 
9e2l 
9e22 
9e2e 
9218 
7217 
6273 
6-76 
6-68 
6062 
6247 
6023 
5-33 
5238 
4.50 
4-202 
3-85 
3262 
3e28 
2.89 


SAL 


32240 
32240 
32240 
32240 
3245 
32276 
32288 
33218 
33-62 
33-79 
33-86 
33-88 
33-89 
33-e8€& 
33-94 
34204 
34e12 
34225 
34-35 
34242 


57 
130=40.0W 


DATE 15/7 2/77 


GMT 


928 


STATION 6 


183 POINTS TAKEN FROM ANALOG TRACE 


DEPTH 


0 
10 
20 
30 
50 
te 
99 
124 
i149 
174 
199 
223 
248 
298 
397 
496 
595 
793 
991 
iiss 


SIGMA 
z 
25-08 
25208 
25207 
25207 
25212 
25266 
25-81 
26204 
26046 
26254 
26262 
2666 
26071 
26077 
26 092 
27205 
27013 
2726 


27237 
27046 


SVA 


28944 
289.8 
290 02 
290¢4 
28626 
23506 
22161 
199 64 
166-0 
15362 
14620 
141.9 
L377 
132.3 
118.6 
106¢8 
100-0 
8809 
79¢5 
7le2 


DELTA 
D 
0-0 
0.29 
0258 
0287 
1.45 
2el2 
2269 
3e22 
3067 
4.07 
4 e044 
4.280 
Se1l5 
Se 82 
72 C8 
820 
9e24 
liele 


1280 
14230 


POT e 
EN 
020 
0.01 
0-06 
0013 
0.37 
O0e79 
1230 
1eGSIl 
2054 
3219 
390 
4269 
$e53 
7042 

11290 
17204 

22-81 

36420 


51-6614 
68245 


SQUND 


1484.6 
1484. 
1484.6 
14856 
1485-6 
1478-6 
1477. 
14786 
1478. 
14796 
14796 
1478. 
1477.6 
14766 


1474.6 


1474. 
14756 
1477. 


1479.6 
148l1le 


300: 


DB 


6004 


CO 
fc} 
eJ 


PRESSURE ; 


LeU) 


1500.5 


TEMPERA [| hit gusale 
“4 S) pe 


16 
REF. NO. 77 - 1 - 60 
u8-46.0 N 127-40.0 W 
M0.-2 DAY-16 GMT-0.3 
24 3s 3 39 
JAlad Na thy UZUO 


OFFSHORE QCEANOGRAPHY GROUP 


REFERENCE NOe 


POSITION 


PRESS 


0 

10 
20 
30 
50 
7S 
100 
125 
* 150 
We es 
200 
225 
250 
300 
400 
500 
600 
800 
1000 
1200 


(t= le 


48-46e0N¢ 
RESULTS OF STP CAST 


TEMP 


9e23 
Ge 22 
9.21 
Ge 24 
9228 
7-70 
Te 42 
7210 
6-90 
7e22 
6072 
6-61 
6053 
6<¢ 01 
5028 
4.79 
4244 
3094 
3e 39 
295 


SAL 


32¢39 
32.39 
32239 
3240 
3241 
32-78 
radek S 
3342 
33263 
33-282 
33-86 
33-90 
33-93 
33296 
34202 
34.09 
34216 
34e31 
34238 
34243 


60 
127-40-0W 


39 


DATE 16/7 2/477 


GMT 


003 


STATION 4 


190 POINTS TAKEN FROM ANALOG TRACE 


DEPTH 


SIGMA 
ti 
25-07 
25-07 
25-07 
25-07 
252-08 
25-60 
25293 
26219 
26238 
26248 
26-58 
26263 
26266 
26.75 
26-89 
27-201 
27210 
27e27 
27238 
27246 


SVA 


2S0e5 
29028 
29028 
290 06 
290¢6 
241.0 
210e¢1 
185e¢7 
168 e1 
158.6 
14926 
145e2 
142e5 
1340 
121ie¢5 
111.3 
103-6 

8826 

78 04 
Files 


DELTA 
D 
0.0 
0229 
0238 
087 
Le 45 
Ce 13 
2-69 
3218 
3062 
4203 
4.41 
4.78 
5214 
5 e843 
Veil 
8227 
9234 
11225 
12e92 
14641 


POT « 
EN 
00 
0-01 
0.06 
O13 
O37 
0.80 
1le2gd 
le 86 
2047 
3215 
3-88 
4.263 
5e5S5 
7049 

12.202 
17234 

23635 

3692 

S2e17 

68-90 


SOUND 


1484. 
1484.6 
1434. 
14856 
14856 
1480.6 
14806 
14796 
14796 
1481. 
14806. 
1480. 
1480. 
1479.6, 
1477. 
L477. 
1477. 
1479.6 
14806 
L481le 


300 


DB 


600 


CO 
Cc 
© 


PRESSURE. 


f2007 


1500,5 


TEMPERA TIRE pul 
. S) pees 


16 
eet ees © : 
Ref NOs oe he 
ue-42.0 N 126-40.0 WW 
MO.-2 DAY-16 GMT-S.3 
C a S aha 
SALINGTY,. @/00d | 


OFFSHORE GCEANOGRAPHY GROUP 


REFERENCE NO6c 


POSITION 


PRESS 


0) 

10 
20 
30 
50 
7S 
100 
Le 
i150 
175 
200 
22S 
250 
300 
400 
s00 
600 
800 
1000 
1200 


@7= le 


48-4240Ne 
RESULTS OF STP CAST 


TEMP 


9244 
Ge 44 
9245 
9248 
8.68 
8e22 
8207 
8e06 
8203 
7287 
7266 
72047 
7205 
6230 
5043 
4284 
4249 
3296 
3245 
3-01 


SAL 


320627 
3226 
32¢26 
32234 
32e6€ 
33-16 
33047 
33069 
33477 
33483 
33287 
33290 
33.92 
33492 
.- 33299 
34205 
34216 
34630 
34.39 
34244 


61 


126-40-0W 


141 


DATE 16/7 2/77 


GMT 


5.3 


STATION 3 


200 POINTS TAKEN FROM ANALOG TRACE 


DEPTH 


‘ 


0) 
10 
20 
30 
50 
75 
99 

124 
149 
174 
i99 
223 
248 
298 
oh J 
496 
595 
793 
991 
1188 


SIGMA 
v 
242-94 
24.93 
24293 
24-99 
25238 
25-82 
26209 
26426 
26233 
26240 
262046 
26-51 
26259 
26-69 
26285 
26-97 
27-09 
27226 
27238 
27246 


SVA 


2026 
30367 
30461 
29807 
26167 
22000 
19503 
17922 
17361 
166067 


16162. 


156-8 
149.9 
140¢7 
12603 
llSe2 
10461 
89-8 
78.5 
7120 


QELTA 
‘0 
0.0 
0230 
Q.61 
Oe91 
1248 
2207 
2058 
365 
3049 
3e92 
4.233 
4273 
Sell 
5-83 
7216 
8237 
9247 
11.40 
13-08 
14.57 


POT e 
EN 
020 
0202 
0206 
0e37 
0.75 
Le20 
12674 
2236 
3206 
32&4 
4.270 
5e«63 
7266 
L2.639 

17.93 

24e06 

37e¢79 

53-16 

69290 


SOUND 


14856 
1435. 
1485-6 
14866 
1453-6 
1483.6 
14836 
1483. 
1484. 
1484. 
14836 
14836 
1482. 
14806 


1478.6 
1477. 


14786 
1479.6 
14806 
1482.6 


PRESSURE, 


60 


—. 
MO 
© 4 


— 
CO 
C) 


TEMPERA URE sual 
ut 8 he 


16 
REF. NO. 77 - 1 - 62 
U8-38.0 N 126-0.0 W 
MO.-2 DAY-16 GMT-8.8 
2 33 3 35 
SALINITY, O/00 


OFFSHORE OCEANOGRAPHY GROUP 
REFERENCE NO6 


POSITION 


48-3 


Lk Gaol 
B8eONes 


RESULTS OF STP CAST 
& 


PRESS 


.¢) 
10 
20 
30 
90 
Kc 


DEPTH 


Oe 
Qe 
Be 
Ge 
14.6 
156 
196 
2le 
c4e 
256 
266 
27. 
2G 
32e 
336 
34 e 
366 
406 
Qle 
436 
456 
466 
4Be 
506 
S2e 
S5e 
566 


TEMP 


9247 
9247 
9e45 
9-15 
8284 
8e 36 


TEMP 


9e47 
9247 
9247 
9-47 
947 
9247 
9246 
9245 
Ge42 
9240 
9-230 
9e20 
G9el3 
9el2 
Qell 
9.09 
9204 
9-03 
9eOl 
8292 
8.90 
B8e87 
8284 
8.82 
B8e77 
8-75 


“SAL 


3226 
32026 
3229 
32235 
32052 
32-90 


l- 62 | 
126- 0.0W 
53 POINTS 


DEPTH 


0 
10 
20 
30 
50 
7S 


SAL 


3226 
3226 
32226 
32026 
3226 
32227 
3228 
32230 
32ée3l 
32e32 
320.33 
32e33 


‘32034 


3236 
32236 
32.36 
32238 
3242 
32042 
32044 
32¢46 
32047 
3249 
32<eS2 
32¢54 
32258 
32<61 


143. 


DATE 16/7 2/77 


GMT 


SIGMA 
v 
24.93 
24293 
24295 
25204 
2523 
25-60 


8-8 


SVA 


303-8 
304e2 
3C1LeY 
259303 
27602 
24163 


DEPTH 


S7e 
58e 
SVe 
606 
61 « 
62 e 
636 
64 e 
656 
666 
67. 
686 
OY9e 
racer 
Tle 
T2e 
74.6 
706 
78e 
79 e 
B06 


ae 


B26 
B36 
B46 
B56 


DELTA 
D 

0-0 
0.30 
0-61 
091 
1248 
2012 


TEMP 


8e76 
8.76 
8e77 
8e75 
8e68 
8062 
8e5G 
8e56 
Be 54 
8eS52 
Be47 
Be 43 
8243 
8e 43 
Be4l 
8240 
8237 
8e35 
8235 
Be3il 
8e29 
8e 28 
Be27 
B8e26 
8e25 
8e25 


STATION 2 


TAKEN FROM ANALOG TRACE 


POT e 
EN 
0.0 
0202 
0-06 
0214 
0.37 
0.78 


SAL 
32 263 


32265 
32-69 


3270 


3J2e7e 
32674 
32e7€E 
32278 
32280 
32<8il 
322381 
J2e Bia 


Bim o, 8:3, . 


3285 
32288 
32.288 
32-89 
32¢91 
32294 
Re ae = 
3295 
32095 
32-96 
32-97 
32-97 
32-97 


SQUND 


1485.6 


148456 
1485-6 
14846 


‘1484.6 


148 3. 


60 


DB 


hed 


— 
OO 
find) 


PRESSURE. 


3005 


TENE RIA TERUG ov adles 
4 8 ie. 


REF. NO. 77 - 1 - 63 
48-33.0 N 125-33.0 W 
Md.-2 DAY-16 GMT-10.9 
io KG 
ie | 


¢ 3 
DALIT NAT. 07 00 


16 


ee 


145 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOe 77=— 1= 63 OATE 16/7 2/77 STATION 1 
POSITION 48—-33-0N, 125°33-0W GMT 10¢9 
RESULTS CF STP CAST 42 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. SOUUND 
7 D EN 
Q Gell jJ2e22 0) 24295 301 e3 0-0 00 1484.6 
10 Geil J2e2l 10 24494 302¢5 0-30 0-02 1484. 
20 9el2 32e22 20 242.95 30169 0.60 0.06 1484. 
30 Gell 3224 30 24297 3CO0e6 0.91 Oe14 1484.6 
50 8276 32266 50 25e35 2646-5 1247 0.37 1484. 
75 8e37 32091 75 25-60 24007 2210 0.76 1483.6 
OEPTH TEMP SAL DEPTH TEMP SAL 
Oe 9ell 32222 456 8. 84 32-58 
2e Gell 32021 466 8279 32<¢61 
&e 9ell 32e2l 49e 8e77 32264 
7 e 9eil 32e21 S06 Ge 76 32266 
Ge Gell 32e21 Sle 8e76 32267 
14 e 9el2 32e21 S2e Be 76 32.268 
19. 9el2 seeeec 546 Bell 32271 
256 9ei2 32e23 556 B-e63 322673 
27. 9el2 3223 OW fe 8e56 reat, 
306 Geil 32e24 59 e 8e53 32-82 
336 9210 32e25 60-6 851 32.83 
346 9209 32e29 6le 8249 32284 
35 6 9.08 32230 636 Be 47 32685 
37e 9-04 S260 0 64 e 8246 32-286 
Jee 9-03 32236 666 Be45 32.288 
39 e 9.03 32238 6Be Be 43 32.289 
406« 9-02 32234 69 e 8043 32689 
G4le 8-98 32243 TO06« Be 42 32690 
420 8-92 3247 Tle Be 4i 32-91 
43-0 8.88 32e52 T7360 8239 32 091i 
446 8-81 3257 7TSe Be 37 32091 


— 

i a rae 
a, 
a, 


af PETA 
Ed 
t ows 
29841 O60 
wehbe SG20 
sOHF5h 3066 
hae #160 
VEeo 


Tr. 8840 


62. St ve. | | ; '$SeSt | Beale bl 
14.St 7s:) & {So8f 1162 
— Be SE ros Ge SeS5E rie 
1 Df) + aese ae aS +02 18SeSE tee 
| YaeSe = ava ie $8086 110. 
BOsSt = aN Se 1SsSE 9 Stee 
$T et 5X08 «a2 “SSeSE Si. 
| BV e Se £48 «22 ESSE Sie? 
TT sSe d2o8 «ve ., €Sese Sine ~ 
SHeSE tere +22 “eS e5E 1f.e 
£8.SE eee 0 BS+S6 O1ee 
68 .SE LO eB ta PS.8E C0+e 
A) | 4 Ba, ce Foe8 «43 OEeSt  ~ 6O.e 
us | | ‘ , dBsSt S+s8AEF Loe, PF « edese § 40.0 
85.» SE SO. «3d SESE €0.e 
~~ 5 6SE Lae 2Be BE«.SE £0.@ 
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SURFACE SALINITY AND TEMPERATURE OBSERVAT IONS 


CRUISE REFERENCE NUMBER 77= 


DATE/TIME 
Y2 MO DY GMT 
77. 9. FORTS 
77. OE 3B AS 
77 “f° gears 
Tf 7t oa "630 
77 2 SB fare 
77 1 8 1325 
7Ft LB P62s 
77 1. 8721740 
77 oh 9 10 
77 1:°9 325 
7 Tietii So aoo 
77° V9" 980 
2 et. Sollee Ss 
77 1 #9 1540 
77 1 TORUS 
77 Y 6° 2350 
77. 1 10) 220 
77 1 10 #4600 
77. 11:0 “900 
77 1 10 1300 
Pet da Me Cae OY 0) 
Way doled Yeah ie ¢) 
vt ed Ws ) 
77 Lit ie ) 
17 es ) 
ry Cie re 0) 
rd Aas ue be ) 
Wie Toa fe) 
> a sales lan A ) 
Y ay fdets Berens: ) 
rf par ) 
16 ined Sweet ) 
(ie as Vues: fe) 
77. ies fe) 
77 1 25 ) 
TT “'f 26 ) 
Tit, soy ) 
i Hi deed Mere: ) 
Pie is a f°) 
77 1 30 ) 
ae) ae 0 
Thien, 4 f°) 
eT “pecs ) 
TT 23 re) 


SALINITY 


0700 
31.060 
292793 
312-914 
322233 
322502 
322437 
32461 
32-409 
322328 
322344 
322372 
322428 
322449 
32¢554 
32¢542 
322524 
322596 
32.606 
322e633 
322620 
32-2612 
322626 
322624 
32eS595b 
32¢581b 
326598b 
oee 0235 
3226215 
32 .608b 
322¢659b 
32-6215 
32+627b 
32.614b 
32.61 8b 
32 .628b 
32 0582b 
32¢ 6? 8b 
32e635b 
32¢631b 
32¢621b 
32 664 9b 
32¢ 635b 
32-61 1b 
324623 


i 


TEMP 
c 


eo e« © @ ee e @© © @© @ ®@® @ @ © @© © @ @ 


PUADUNAFAUNUMTHUNUNUNNAAAAADRAGDANNNNNAABTAWDWVVUVVIVOUVUVUOVOEG 
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LONGITUDE 


WEST 
125~33 
126- 0 
126-40 
127-40 
128-40 
129-40 
130~40 
131-40 
132-40 
133-40 
134-40 
135-40 
136-40 
137-40 
1368-40 
139=40 
140-40 
141-40 
142=40 
143-40 


ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 


STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
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SURFACE SALINITY AND TEMPERATURE OBSERVATIONS 


CRUISE REFERENCE NUMBER 77= 


DATE/T IME 
YR MO DY GMT 
te fe 0 
Tithe eo 0) 
Tio: Oo 0 
Eevee 0) 
Uy ee Or Sa 0 
Tt Ace) po 0 
Vt4 tex LO 0 
Cia @. ark 0) 
Cal eee 0 
TT ll 2ieiw O 
77 1 2 14711500 
T7 4 214 421TS 
Times VS 50 
VF F§-*-- 52 0 
TT .2° t5> 793590 
77 2 15 14290 
et Oe es Ce) a Ba ohh 
qf. j2 LO ueeoo 
77, 2046 vySuO 
77 2 16 845 
77 2 16 1055 


b DENOTES SALINITY SAMPLE TAKEN FROM A 
ALL OTHER SAMPLES TAKEN FROM 
THE SEAWATER LOOP 


BUCKET e 


SALINITY 


0700 
322640b 
324634 
32-627b 
322610 
32.2625 
322635b 
32 2626 
322614 
322636 
32 e643b 
322412 
32 ¢367b 
322316 
322376 
320407 
322510 
326336 
32.397 
326237 
32-298 
322195 


1 


LONGITUDE 


ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 


WEST 

STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 


134-40 
133-40 
132-40 
131-40 
130-40 
129-40 
128-40 
127-40 
126-40 
126= 0 
125-33 
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LIST OF OMISSIONS FROM DATA 


Hydrographic data: 


Consec. # Depth (m Temp. Sal; O ate. Nebgs os Comments 
7 282 * * 
23 1298 * * 
3589 * ve 
3683 * sie 
3767 * * 
35 2920 * * 
3894 * % 
4068 * * 
42 4098 * * 
4189 * * 
- 50 2876 * * 
3852 * * 
3949 * * 
4046 * * 


Notes (MacNeill, 1977): 


1. The data is suspect because of a reversal of gradient by >.01 °/o00 (sal- 
inity) or > 08 ml/ & (oxygen). 


2. The data is deleted because of very irregular data values (usually a mis- 
tripping or leaking bottle if both oxygen and salinity are irregular). 


Oe ene data is deleted because duplicate samples at a depth were not within 
-O1 “/oo (salinity) or .08 ml/ % (oxygen). . 


STData: 


Deep salinity omitted; too high 
Deep salinity omitted; too high 
Not included; traces too erratic 
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ABSTRACT 


Physical, chemical and biological oceanographic observations are made from 
the weathership at Ocean Weather Station Papa, and between Esquimalt and 
Station Papa, on a routine continuing basis. Physical oceanography data only 
are shown, including surface observations and profiles obtained with bottle 
casts and conductivity-temperature-pressure instruments. 
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INTRODUCTION 


Canadian operation of Ocean Weather Station P (Latitude 50°00'N, Longitude 
145 00'W) was inaugurated in December, 1950. The station is occupied primari- 
ly to make meteorological observations of the surface and upper air and to 
provide an air-sea rescue service. The station is manned by two vessels oper- 
ated by the Marine Services Branch of the Ministry of Transport. They are the 
CCGS Vancouver and the CCGS Quadra. Each ship remains on station for a period 
of six weeks, and is then relieved by the alternate ship, thus maintaining 
a continuous watch. 


Bathythermograph observations have been made at Station P since Jwilyom952. 
A program of more extensive oceanographic observations commenced in August 
1956. This was extended in April 1959, by the addition of a series of oceano- 
graphic stations along the route to and from Station P and Swiftsure Bank. 
These stations are known as Line P stations. The number of stations on Line P 
has been increased twice and now consists of twelve stations (Fig. 1). Bathy- 
thermograph observations and surface salinity sample collections, in addition 
to being made on Line P oceanographic stations, are also made at odd meridians 
at 40% ave. 139°40'w, 141°40'w, etc. These stations are known as Line P BT 
stations. Data observed prior to 1968 have been indexed by Collins et al (1969). 


The present record includes hydrographic, continuously sampled STD and 
surface salinity and temperature data collected from the CCGS Quadra during 
the period 11 February to 31 March 1977. 


All physical oceanographic data have been stored by the Canadian Oceano- 
graphic Data Centre (CODC), 615 Booth Street, Ottawa, Ontario, Canada. Requests 
for these data should be directed to CODC. 


Biological and productivity data are published in the Manuscript Report 
series of the Fisheries Research Board of Canada (FRB), Pacific Biological 
Station, Nanaimo, British Columbia, Canada. Requests for these data should be 
directed to FRB. 


Marine geochemical data are for the Ocean Chemistry Group, Ocean and 
Aquatic Sciences, Environment Canada, Institute of Ocean Sciences, P.O. Box 
2000, Sidney, B.C. V8L 4B2. 


PROGRAM OF OBSERVATION FROM CCGS QUADRA, 11 FEBRUARY - 31 MARCH 1977 (P-77=-2) 
(CODC Ref. No. 15-77-002) 


Oceanographic observations were made by Mr. B. Whitehouse of Seakem Oceano- 
graphy Ltd., Victoria, B.C. 


En Route to Station P 


Rough weather cancelled all hydrographic and STD work. No tarball tows 
were completed. j 


Samples for salinity, nitrate, nutrient, alkalinity and total CO, were 
taken from the seawater loop at all whole stations, with salinity also taken 
at all half stations except Station 94. Surface bucket temperatures were taken 
at all whole and half stations. 


The thermosalinograph, surface temperature recorder and PCO 
run continuously. 


9 system were 


Mechanical BT's or XBT's were taken at all whole and half stations except 
Stations 1, 5%, and 8. 


On Station? 
The oceanographic program was carried out as follows: 
Physical Oceanography 


1) 1 profile of salinity, temperature and oxygen was obtained from a hydro- 
graphic cast to near bottom (4200 metres). 


2) 10 STD profiles to 300 metres and 5 to 1500 metres were obtained. 


3) BT's or XBT's were taken every three hours to coincide with meteorological 
observations, encoded and transmitted according to the IGOSS format. 


4) Salinity samples were collected daily at 0000 hrs GMT from the seawater 
loop. 


Marine Geochemistry 


1) Nutrient and salinity samples were collected daily at 0000 hrs GMT from the 
seawater loop. One 24 hour series of nutrient samples was taken each hour 
from the seawater loop. One profile for nutrients to 500 m and one profile 
for tritium to 500 m were taken. One bucket sample and one rainwater 
sample were also collected for tritium. 


2) Alkalinity and total CO, samples were taken every 1 to 4 days from the sea- 
water loop or bucket aud in addition 2 profiles each to 500 m were taken. 


3). ALE co, samples were taken in quadruplicate at weekly intervals. 


4) 4 surface tarball tows were completed. 


5) 3 seawater C-14 samples were extracted from 45 gallons of seawater taken 
from the seawater loop along with 3 seawater C-13 and 3 air C-13 samples. 


6) PCO, carboys were filled approximately every 3 days when the loop system 
was operational. 


Biological Oceanography 
Samples were obtained as follows: 


1) 7 - 150 metre vertical plankton hauls. 
2 - 1200 metre vertical plankton hauls. 


3 groups of subsurface plankton hauls were taken on 3 consecutive nights 
at sunset. 


2) 2 chlorophyll "a" loop samples and 1 profile to 75 m were obtained. 


3) 1 profile to 200 metres for each of plant pigment and nitrates was obtained, 
as well as 2 surface samples each. 


4) 3 Secchi disc readings were obtained. 


An emergency run was made to Victoria on February 26 for engine repairs. 
The surface temperature recorder was operated continuously with salinity 
samples taken every 3 hours. En route back to Station P, the thermosalinograph 
and surface temperature recorder were run continuously. XBT's were taken when 
possible. Salinity samples were taken at all whole stations, until Station 10, 
when the ship left Line P due to high winds. Then, samples were taken every 3 
houre “unri! arrival at Station P°(March’ 7). 


En Route from Station P 


An STD profile was’ made at’ Stations 12, 10, ‘9, 2° and’. One’ hydrocast was 
done at Station 10. Nutrient, nitrate, alkalinity and total cO., samples were 
taken from the seawater loop at Stations 12 to 1. Salinity samples were taken 
at all whole and half stations 12 to 1 (except Station 104). Surface bucket 
salinities were taken at Stations 12, 10, 9, and 2. Surface bucket temperatures 
were taken at all whole Stations 12 to 1. Tarball tows were taken at Stations 
12, 10 and 2. Mechanical, BT's or XBT"s were taken at all whole ‘and half 
Stations 1274 to 1, except. Stations 11% and 7/3. 


Observations for Other Agencies 


1) Marine mammal observations were made by the ship's officers for Mr. I. 
McAskie, Fisheries Research Board of Canada, Pacific Biological Station, 
Nanaimo, B.C., Canada. 


2) Bird observations were made by the ship's officers for Dr. M. Myres, 
University of Alberta, Calgary, Alberta, Canada and Mr. J. Guiguet, 
Curator of Birds and Mammals, Provincial Museum, Department of Provincial 
Secretary and Travel Industry, Victoria, British Columbia, Canada. 


PROGRAM OF OBSERVATION FROM CCGS QUADRA, 11 FEBRUARY - 31 MARCH 1977 (P=dJz2) 
(CODC Ref. No. 15-77-002) 


Oceanographic observations were made by Mr. B. Whitehouse of Seakem Oceano- 
graphy Ltd., Victoria, B.C. 


En Route to Station P 


Rough weather cancelled all hydrographic and STD work. No tarball tows 
were completed. 


Samples for salinity, nitrate, nutrient, alkalinity and total CO, were 
taken from the seawater loop at all whole stations, with salinity also taken 
at all half stations except Station 94. Surface bucket temperatures were taken 
at all whole and half stations. . 


The thermosalinograph, surface temperature recorder and PCO 
run continuously. 


D system were 


Mechanical BT's or XBT's were taken at all whole and half stations except 
Stations! Jae Sygoands8s. 


On Station P 
The oceanographic program was carried out as follows: 
Physical Oceanography 


1) 1 profile of salinity, temperature and oxygen was obtained from a hydro- 
graphic cast to near bottom (4200 metres). 


2) 10 STD profiles to 300 metres and 5 to 1500 metres were obtained. 


3) BT's or XBT's were taken every three hours to coincide with meteorological 
observations, encoded and transmitted according to the IGOSS format. 


4) Salinity samples were collected daily at 0000 hrs GMT from the seawater 
loop. 


Marine Geochemistry 


1) Nutrient and salinity samples were collected daily at 0000 hrs GMT from the 
seawater loop. One 24 hour series of nutrient samples was taken each hour 
from the seawater loop. One profile for nutrients to 500 m and one profile 
for tritium to 500 m were taken. One bucket sample and one rainwater 
sample were also collected for tritium. 


2) Alkalinity and total CO, samples were taken every 1 to 4 days from the sea- 
water loop or bucket ana in addition 2 profiles each to 500 m were taken. 


3) “Aix CO, samples were taken in quadruplicate at weekly intervals. 


4) 4 surface tarball tows were completed. 


5) 3 seawater C-14 samples were extracted from 45 gallons of seawater taken 
from the seawater loop along with 3 seawater C-13 and 3 air C-13 samples. 


6) PCO, carboys were filled approximately every 3 days when the loop system 
was operational. 


Biological Oceanography 
Samples were obtained as follows: 


1) 7 - 150 metre vertical plankton hauls. 
2 - 1200 metre vertical plankton hauls. 


3 groups of subsurface plankton hauls were taken on 3 consecutive nights 
at sunset, 


2) 2 chlorophyll "a" loop samples and 1 profile to 75 m were obtained. 


3) 1 profile to 200 metres for each of plant pigment and nitrates was obtained, 
as well as 2 surface samples each. 


4) 3 Secchi disc readings were obtained. 


An emergency run was made to Victoria on February 26 for engine repairs. 
The surface temperature recorder was operated continuously with salinity 
samples taken every 3 hours. En route back to Station P, the thermosalinograph 
and surface temperature recorder were run continuously. XBT's were taken when 
possible. Salinity samples were taken at all whole stations, until Station 10, 
when the ship left Line P due to high winds. Then, samples were taken every 3 
HOUrG “Until aryival ‘at. Station © Clarch 7)> 


En Route from Station P 


An STD profile was made at Stations 12, 10, 9, 2 and 1. One hydrocast was 
done at Station 10. Nutrient, nitrate, alkalinity and total CO, samples were 
taken from the seawater loop at Stations 12 to 1. Salinity samples were taken 
at all whole and half stations 12% to 1 (except Station 104). Surface bucket 
salinities were taken at Stations 12, 10, 9, and 2. Surface bucket temperatures 
were taken at all whole Stations 12 to 1. Tarball tows were taken at Stations 
12, 10 and 2. sMechanicalsBI"s or XBT" Ss were taken at.all whole and’ half 
Stations 125 to 1,, except. stations i> and 7's. 


Observations for Other Agencies 


1) Marine mammal observations were made by the ship's officers for Mr. lI. 
McAskie, Fisheries Research Board of Canada, Pacific Biological Station, 
Nanaimo, B.C., Canada. 


2) Bird observations were made by the ship's officers for Dr. M. Myres, 
University of Alberta, Calgary, Alberta, Canada and Mr. J. Guiguet, 
Curator of Birds and Mammals, Provincial Museum, Department of Provincial 
Secretary and Travel Industry, Victoria, British Columbia, Canada. 


3) Air CO, samples were taken weekly in duplicate for Scripps Institution of 
Oceanography, La Jolla, California, U.S.A. 


Data were processed for publication by Ms. M. Sainsbury of Seakem Oceano- 
graphy Ltd..; Victoria, B.C. 


OBSERVATIONAL PROCEDURES 


Observations for salinity, oxygen and temperature from all hydrographic 
casts, including the surface, were obtained with Niskin water sample bottles 
equipped with either Richter and Wiese and/or Yoshino Keiki Co. reversing 
thermometers. Two protected thermometers were used on all bottles and one 
unprotected thermometer was used on each bottle at depths of 300 m or greater. 
The accuracy of protected reversing thermometers es believed to be + 0.02 C. 


The daily surface water temperatures were measured from a bucket sample 
using a deck thermometer of + 0.1 C accuracy. The daily surface salinity 
samples were obtained from the seawater loop. When the seawater loop was not 
operational these samples were obtained with a bucket, and are indicated with 
ab ims this -dataurecord. 


Salinity determinations were made aboard ship with either an Autolab Model 
601 Mark III inductive salinometer or a Hytech Model 6220 lab salinometer. 
Accuracy using duplicated determinations is estimated to be + 0.003 /oo. 

Depth determinations were made using the "depth difference" method des- 
cribed in the U. S. N. Hydrographic Office Publication No. 607 (1955). Depth 
estimates have an approximate accuracy of + 5 m for depths less than 1000 n, 
and + 0.54 of depth for depths greater than 1000 m. 


The dissolved oxygen analyses were done in the shipboard laboratory by a 
modified Winkler method (Carpenter, 1955). 


Line P engine intake continuous temperature on both ships were recorded 
by a Honeywell Electronik 15 Recorder. The temperature probe is at a depth of 
approximately 3 metres below the sea surface and the instrument accuracy is 
believed to be + 0.1 C. 


Each ship is equipped with a Plessey Model 6600-T thermosalinograph which 
is used, on Line P, for continuous recording of surface temperatures and sal- 
inities from the ship's seawater loop. The temperature probe is mounted at 
the seawater loop intake (approximately 3 metres below the surface) and the 
salinity probe and recorder are situated in the dry lab. The accuracy of this 
instrument is believed to be + 0.1 C for temperature and + 0.1 /oo for salinity. 


STD profiles were taken with a Plessey Model 9006 STD system. 


COMPUTATIONS 


All hydrographic data were processed with the aid of an IBM 370 computer 
and a UNIVAC 1100 computer. Reversing thermometer temperature corrections, 


thermometric depth calculations and accepted depth from the "depth difference" 
method were computed. Extraneous thermometric depths caused by thermometer 
malfunctions were automatically edited and replaced. A Calcomp 565 Offline 
Plotter was used to plot temperature-salinity, and temperature-oxygen dia- 
grams, as well as plots of temperature, salinity, and dissolved oxygen vs 
10819 depth. These plots were used to check the data for errors. 


Missing hydrographic data were obtained using a weighted parabolas inter- 
polation method (Reiniger and Ross, 1968). These data are indicated with an 
asterisk in this data record. 


Data values which we suspect but which we have included in this data re- 
cord are indicated with a plus. These data have been removed ‘from punch card 
and magnetic tape records. 


Analog records from the salinity-temperature-pressure instrument have been 
machine digitized, then replotted using’ the Calcomp plotter. 


Digitization was continued until original and computer plotted traces were 
coincident. Temperature and salinity values were listed at standard pressures; 


computed from the entire array of digitized data... 


The headings for the data listings are explained as follows: 


PRESS is pressure (decibars) | 

TEMP is temperature (degrees Celsius) 

SAL is salinity (parts per thousand) 

DEPTH is reported in metres 

SIGMA-T is specific gravity anomaly 

SVA is specific volume anomaly 

THETA is potential temperature (degrees Celsius) 

SVA (THETA) is potential specific volume anomaly 

DELTA D is geopotential anomaly (J/kg) 9 

POT EN is potential energy in units of 10 ergs/cm "7 

OXY is the concentration of dissolved oxygen expressed in millilitres 
per litre 

SOUND is the velocity of sound in m/sec 
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27234 
27243 
27-50 
27-58 
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21469 
215¢0e2 
2153 
216642 
21644 
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90 e2 
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6626 
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O0.22 
0243 
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50 


POSITION 
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OATE 16/7 ,3477 


GMT 1703 
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as 
25-86 
25486 
25-86 
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25287 
25-89 
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26072 
26-79 
26282 
26-86 
26-89 
26-95 
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21446 
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214-9 
21520 
215e2 
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213-0 
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1349 
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125e¢5 
1219 
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D 
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1.61 
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2.95 
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0-01 
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REFERENCE NOe 


PCSITION 


PRESS 


0) 
10 
20 
30 
50 
7S 
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200 
225 
250 
300 
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50~ OQeANe 
RESULTS OF STP CAST 


TEMP 


5216 
Se 16 
5017 
5017 
5215 
5-08 
4.97 
4.65 
4.47 
4023 
4.04 
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3087 
3.84 
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32-71 
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DATE 17/ 3477 


GMT 1763 
106 POINTS TAKEN FROM ANALGG TRACE 


SIGMA 
T 
25037 
25-87 
25286 
252-87 
25-87 
25289 
25-91 
26067 
26.78 
262-83 
26-87 
26-89 
26292 
26-98 
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21461 
21464 
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2147 
214.7 
2134 
211-7 
13964 
1289 
12520 
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119-46 
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TEMP 


5-19 
5-19 
5-19 
5219 
5204 
4e94 
4.89 
4-68 
4.56 
4e 34 
4eli 
3299 
3-88 
3.83 


SAL 


32269 
32-69 
32269 
32.69 
32e71 
32271 
3273 
33-59 
33-72 
33-78 
33-80 
33281 
33684 
33-91 
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248 
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SIGMA 
T 
25285 
25¢85 
25-85 
25.285 
25-88 
25289 
25091 
26062 
26074 
26281 
26¢85 
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26-90 
26-96 
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213¢5 
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RESULTS 
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TEMP 
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Se2l 
5e21 
5-220 
4.97 
4e e7 
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4.66 
4eSl1 
4.28 
4e12 
3-95 
3-92 
3284 


SAL 


32-7C 
32-70 
32-70 
32.70 
32272 
32273 
32-76 
33-62 
33-76 
33-79 
33481 
33-83 
33-84 
33-91 
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OATE 19/7 3/477 


GMT 1763 
96 POINTS TAKEN FROM ANALGG TRACE 


SIGMA 
T 
25-86 
25486 
25286 
25286 
25-90 
25292 
25-95 
26-64 
26.77 
26e82 
26-85 
26-88 
26-90 
26-96 


SVA 


2Tses3 


21567 
21548 
215-8 
211.9 
210064 
2077 
142-0 
13061 
125e5S 
122-6 
11968 
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REFERENC 
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PRESS 
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20 
30 
50 
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125 
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1500 


TEMP 


5e20 
Se2l 


Se2l 


5219 
Se15 
494 
492 
4.59 
4239 
4.23 
4-06 
3294 
3287 
3e 83 
3077 
3-61 
3e45 
3-210 
2< 83 
2057 
2e 30 


SAL 


32071 
32¢71 
32071 
32271 
32e7C 
32-72 
32e91 
33265 
33676 
33-79 
33-81 
33284 
33-85 
3393 


34-08 


34017 
34024 
34.34 
34-41 
34247 
34253 
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DATE 20/7 3/77 


GMT 1723 
173 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
, 
25286 
25-86 
25-86 
25-87 
25286 
25290 
26-05 
26-68 
26078 
26-83 
26 86 
26-90 
26091 
26-98 
27 10 
27.19 
27026 
27.37 
27245 
27052 
27-60 


SVA 


214.5 
21429 
214-9 
21429 
21504 
212-0 
19726 
138.9 
128-8 
125-0 
122-3 
118-7 
117.23 
1114 
100e5 

92.8 

8606 

7720 

7003 

64e1 

58-90 


DELTA 
me) 
020 
Oe2l 
0243 
0264 
1.C8 
1.61 
2e13 
2e52 
2286 
3017 
3248 
‘3278 
4.08 
469 
5e70 
6 066 
7-56 
9219 
1066 
11299 
13-8i 


STATION P 


POT. 
EN 
0-0 
0-01 
0-04 
0-10 
Oe27 
O-e€1 
1208 
1253 
1299 
2e51 
3ell 
3276 
4247 
6207 
9-80 
14e22 
19624 
30283 
44.27 
5926 
84.22 
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3035 
Se 26 
5200 
4.62 
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4.27 
4.10 
4.00 
3294 
3-95 


SAL 


32.71 
32-71 
32271 
32271 
32¢71 
32e72 
32072 
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33276 
33-79 
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DATE 217 3/77 


GMT 17¢3 
112 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
T 
25-85 
25285 
25285 
25285 
25285 
25-87 
25-89 
26059 
26077 
26282 
262386 
26288 
26291 
26-97 


SVA 


21662 
216¢6 
2162-8 
216¢9 
2169 
215¢3 
21268 
14724 
129-68 
1254 
122-0 
120e1 
1174 
11207 


DELTA 
D 

0-0 
O.22 
0.43 
0.65 
1.C8 
1.62 
2e16 
263 
2097 
329 
3260 
3290 
4220 
&e77 
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POT. 
EN 
0.0 
Oss 
0.04 
Oeiti 
0.28 
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1210 
1.64 
Be lik 
2.64 
ea 
3.89 
4.60 
6021 
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14696 
14706 
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RESULTS OF STP CAST 
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5e52 
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4283 
4252 
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4e22 
4214 
4.07 
3.82 
3-65 
3247 
3214 
2e86 
2062 
2e36 


SAL 


32-69 
32.69 
32-69 
32-69 
-32-69 
32.69 
32-70 
33-56 
33-75 
33.81 
33-82 
33-85 
33487 
33-93 
34.07 
34.16 
34023 
34.33 
34e41 
34247 


3453 
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DATE 
GMT 


28/ 3/77 
620 


STATION 


£41 POINTS TAKEN FROM ANALOG TRACE 


OEPTH 


0 
10 
20 
30 
SO 
7S 
99 

124 
149 
174 
199 
223 
248 
298 
397 
496 
595 
793 
990 
1188 
1483 


SIGMA 
T 
25-381 
25-81 
25281 
25-81 
25-81 
2581 
25 82 
26056 
26073 
26-81 
26084 
26 87 
26.90 
26.95 
27.09 
27018 
2725 
27.37 
27245 
27.52 
27.59 


SVA 


21524 
21927 
219-8 
215969 
220e«1 
220¢4 
220-0 
15062 
133-8 
12628 
123-7 
l2lel * 
119-0 
11369 
101.3 
93-8 
8707 
7728 
7065 
6407 — 
58-8 


DELTA 
D 
Oe O 
O22 
0244 
0-66 
1210 
1.65 
2220 
2-66 
3-Cl 
3033 
3264 
395 
4225 
4e 8&4 
5 «89 
6287 
Te77 
9 42 
10691 
1226 
14.211 


POT « 
EN 
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0-01 
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0-28 
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3e27 
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6229 
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14.51 
19.60 
31634 
44.93 
60-07 
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SOUND 


14706 
14706 
14706 
1471e 
1471. 
1471. 
14726 
1471. 
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TEMP 


6234 
66 34 
6-434 
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DATE 28/7 3/77 
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SIGMA 
di 
25269 
25265 
25265 
25065 
25265 
25065 
26206 
26651 
26266 
26074 
26-79 
26-83 
26-86 
26.91 
27204 
27014 
27222 
27235 
27244 
27-Si 
27-59 
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23504 
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235-8 
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155e1 
141-0 
133-5 
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1. Introduction 


Airborne-measurements of air motion have been a subject of considerable 
interest for the past twenty years. Because of a lack of an accurate ground 
reference, early investigations were limited mainly to measurements of vertical 
air motion obtained by monitoring the vertical motion of the aircraft, or long 
term average measurements of horizontal wind components using standard 
navigational procedures. 


With the introduction of precise aircraft inertial navigation 
equipment which enabled accurate readings of aircraft attitude and motion to 
be made, the task of routinely measuring winds from an airborne platform was 
greatly simplified (Axford, 1968, Telford et al, 1974 and 1977). Certain 
problems still exist, however, including that of measuring the aircraft's 
attack angles relative to the airstream, and of compensating for the inherent 
drift which is characteristic of all inertial systems. 


In this report, we discuss the results of several wind measuring test 
flights made in the Beechcraft 18 aircraft at present on lease to the Remote 
Sensing Section of the Institute of Ocean Sciences, Patricia Bay. The aircraft 
is equipped with an inertial navigation and data acquisition system enabling 
highly accurate aircraft attitude and navigational data to be recorded. 


The system uses a visual sight to make periodic fixes of landmarks of 
known position on the earth's surface in order to determine the drift of the 
inertial unit (Oliver and Gower, 1977, Grasty et al, 1977). Additional 
sensors have been incorporated into the system to allow for measurement of air 
temperature, aircraft sideslip, pitot and static pressures which are required 
for the determination of wind velocity. 


2. Inertial and Data Acquisition Systems 


Details of the inertial/sighting system have been described previously 
(Grasty et al, 1977), and only a brief description is presented here. The 
inertial navigation unit (INU) used is a Litton LTN-51 with standard software 
designed for airline navigation. The unit operates by sensing aircraft 
accelerations along three mutually perpendicular axes on a gyrostabilized level 
platform. The platform is maintained level by applying torquing signals to the 
gyro axes derived from the movement of the aircraft over the earth's surface. 
The computations necessary to provide the correct torquing signals are 
performed by the unit's own internal digital computer. These calculations 
assume a spheroidal earth with a flattening ratio of 1:297 and a constant 
aircraft altitude of about 10,000 m. This computer also calculates standard 
output data from the INU including aircraft position and velocity data as well 
as navigation information useful in commercial airline operations. In addition, 
high accuracy aircraft attitude (pitch, roll and azimuth) is available directly 
from angle resolvers attached to the level platform. 


The standard output data is of limited value because of two factors: 
1) the computer cycle time gives relatively infrequent updating of this data, 
and 2) intentional internal rounding reduces its accuracy. In order to 
circumvent these problems, a specialized data acquisition system, MIDAS (Marine 
Inertial Data Acquisition System), was developed. This system was designed and 


constructed by MacDonald Dettwiler and Associates Ltd. of Vancouver and is an 
outgrowth of the system they designed and constructed for the Canada Centre 
for Remote Sensing in Ottawa (Baker and MacDonald, 1974). MIDAS allows 

direct readout of the INU's internal computer memory, to give rapid access to 
the high precision navigation data. This data is output at a rate of 20 
samples/sec and is used to calculate high precision aircraft position, 
velocity and direction. MIDAS allows, in addition, data to be input from 
eight analog channels (100 samples/sec) with a voltage range of 0-10 V and a 
resolution of 10 mV. The system records this data together with the 
observation time on either video or computer compatible magnetic tape. In the 
latter case, the user has the option of choosing between several recording 
modes depending on the frequency at which data recording is desired. Normally, 
INS data is output at the maximum rate of 20 samples/sec (100 samples/sec for 
the analog channels). For most of the flights, however, where no additional 
sensors are present, INS and sight data need only to be recorded at discrete 
time (i.e., when a target is being sighted) and in short bursts lasting about 
one second. In order to reduce the amount of output data in these flights, 
MIDAS was modified to allow for a much slower background recording rate of 
only one sample/sec between these bursts. This background recording rate was 
found to be more than adequate for post flight data analysis. 


3. Inertial System Drift 


In order to maintain the gyro stabilized platform level as the 

aircraft moves over the earth's surface, the INU's internal computer provides 
gyro torquing voltages calculated from the measured horizontal movement of the 
aircraft. The LTN-51 inertial unit used in this study is "Schuler tuned”, 
that is, the torquing voltages are made proportional to the aircraft's angular 
velocity relative to the center of the earth. The inertial platform, 
therefore, behaves as a Schuler pendulum (Beck, 1971) and as such, if perturbed 
undergoes stable oscillation about the level position with a period T given 
by 
R +5 

) 


T = én (— 


(1) 


where R is the earth's radius and g is the acceleration of gravity. This 
oscillation, which has a period T = 84.4 minutes, results in an approximately 
sinusoidal drift in the calculated positions (latitude and longitude) returned 
by the INU. The fact that the INU drift is not perfectly sinusoidal arises 
from additional error mechanisms within the inertial system. The amplitude of 
the mean drift, in normal circumstances, is of the order of 2 km per hour. 


The magnitude of this position drift is obtained during flight by 
sighting known landmarks on the earth's surface using a target sight located 
in the transparent nose of the Beechcraft 18 aircraft used. The angular 
direction data from the sight in conjunction with the aircraft's attitude and 
barometric altitude is used to establish the aircraft's "true" position using 
the known position of the sighted landmark. It should be mentioned here, that 
the relatively large position drift of the INU results from only relatively 
smal! (~ 1' arc) angular errors in the gyro stabilized level platform. Thus 
errors present in the attitude data are very small and will be negligible in 
comparison to the estimated errors in the sighting angles. The difference 


between this "true" position and that returned by the INU determines the 
error due to inertial system drift (north and east) at the time the target 
was Sighted. During flight, target sightings were generally restricted to 
observing angles less than 30° off nadir in order to reduce the effects of 
errors in sighting angles and in the aircraft's indicated altitude. A 
complete description of the target sight and its use has been given previous- 
ly (Oliver and Gower, 1977). 


The position fixes obtained using the target sight enable the 
inertial system drift to be determined at discrete times during the flight. 
An estimate of the drift for intermediate times is then obtained by fitting a 
modified cubic spline to the discrete drift data. An estimate of the 
possible error involved in the predicted inertial system position drift (from 
the cubic spline fit) was obtained by fitting the cubic spline, using various 
initial conditions, to a hypothetical set of discrete drift data generated 
assuming a perfectly sinusoidal drift with time (Oliver and Gower, 1977). 

The results of these tests showed that under normal operating conditions, the 
RMS interpolation error will be approximately equal to the assumed RMS error 
in the individual position fixes provided these fixes (discrete drift data) 
are determined at least every 10 minutes in time during the flight. For the 
present sighting system, this represents an error of about 5 m at an aircraft 
altitude of 300 m. 


Of more importance, if one is interested in measuring wind velocity, 
is the velocity drift of the inertial system obtained from the first 
derivative of the cubic spline fit to the discrete position drift data. An 
estimate of the velocity error resulting from this procedure was obtained in 
the same manner as for the position drift error. Again, for time intervals 
between 100-600 secs the RMS velocity error was seen to be approximately 
constant at a value of order o/At, where o, again, is about 5 m. 


It should be mentioned, however, that both error estimates (and in 
particular the velocity error) hold only if the drift of the inertial system 
behaves smoothly between position fixes. This has been found to be largely 
the case for test flights of the present system. Manoeuvre dependent error 
mechanisms in the INU such as that caused by gyro azimuth drift will introduce 
small errors in the indicated positions which will be largely a function of 
distance travelled from the nearest position fix and as such will not follow 
the time dependent Schuler drift. Azimuth errors of up to 7' arc have been 
identified in the present system in several test flights resulting in cross- 
track drift of up to 2.5 m per km. Assuming an aircraft speed of about 
75 m/s, this would result in a short term velocity perturbation between 
fixes of up to 0.2 m/s. 


An example of this may be seen by analyzing the data from the test 
flight of Dec. 5, 1975. This flight was one of several tests of the inertial- 
sighting system used to determine the accuracy of post-flight path recovery 
for geophysical survey applications (Grasty et aZ, 1977). During the flight, 
multiple passes were made over two local coastal navigation markers, Panther 
Point and Enterprise Reef, in Trincomali Channel between the islands of 
Galiano and Salt Spring off the eastern coast of Vancouver Island. These two 
markers lay roughly on a line NNE separated by a distance of about 17 km. 


By fitting the cubic spline to the discrete position drift data obtained from 
the sightings of both landmarks and then comparing this with a second spline 
fit to the data from one landmark only (Enterprise Reef) one can see the 
effect on the inertial system drift due to gyro azimuth errors. The result- 
ing position drift curves (for both latitude and longitude) are shown in 

Fig. 1. The relative crosstrack drift of the inertial system between the two 
landmarks is easily evident as an offset (AS) in the position of one landmark 
relative to the other. For this particular test, the offset amounted to 

-15 + 7m in latitude and -32 + 13 m in longitude. The effect of this 
azimuth error is even more pronounced in the resulting velocity (first 
derivative) drift curves shown in Fig. 2. Here, the maximum velocity 
perturbation (AV) is about 0.08 m/s in latitude and 0.15 m/s in longitude. 

As was previously mentioned, these errors will be roughly proportional to the 
distance of the aircraft from the nearest sighted landmark, in this case the 
distance between Panther Pt. and Enterprise Rf. (17 km). For most flights 
within coastal waters landmarks can usually be found with relative distance 
spacings in this range. Thus, the above position and velocity errors should 
reasonably represent upper limits on these two quantities. 


4. Wind Measuring Sensors 


After compensation for inertial system drift, the aircraft's position 
and velocity in addition to aircraft altitude are accurately known throughout 
the flight. In order to determine the direction and magnitude of the local 
horizontal air movement the additional parameters of airspeed and direction 
are required. To a good approximation, the airspeed may be obtained from the 
expression: 


1, 
Anh oP bento tak 
abel per mle (2) 


where vs is the airspeed, R is the gas constant (8.31 J/mole K°), T is the 


air temperature, AP is the pitot-static pressure, M is the molecular weight, 
Me is the static pressure and K is a first order correction term for the 


air's compressibility. Here, K may be expressed as (Gorlin and Slezinger, 
2. 
1964) K = a where m is the mach number (aircraft velocity divided by 


velocity of sound in air). For an aircraft velocity of about 75 m/s, 

k = 0.013. The pitot-static and static pressure were measured by a low 
range differential pressure transducer and by a higher range, single ended 
pressure transducer respectively. The air temperature was measured by a 
thermistor mounted under the nose of the aircraft. 


Because of various aerodynamical considerations, the direction of the 
airstream is not in general directly given by the actual heading of the 
aircraft. This is caused by the fact that an aircraft can yaw, or sideslip, 
while turning or even while undergoing level flight. Because of the nature 
of the vector calculations involved in obtaining wind measurements from the 
motion of the aircraft this yaw angle (6): which under normal circumstances 


will be < 5°, will, if not taken into account, dramatically affect the wind. 


This may be seen by considering Fig. 3. Here, the relevant vector quantities 

required for the calculations are shown in the x,y coordinate system of the 

inertial platform. In this representation, all angles are measured positive 
> > > 


clockwise with respect to the positive x axis. Va Vg and ihe are the air, 
ground and wind velocity vectors respectively, 8, is the local azimuth angle 


measure between the aircraft's longitudinal (heading) axis and the positive 

x axiS and a is the inertial platform wander angle measured between the 

positive x axis and true north. From Fig. 2, the measured wind vector Me is 
> > > > > 

given by the vector difference of V3 and Ms (vy =\V_ - Vi)» two vectors whose 


magnitude and direction are of similar value. If the aircraft yaws, the 
aircraft's heading will not correspond to the true direction of the airstream. 


= 
This error in ae which is the apparent direction of Va will result in a 
> 


> 
relatively large error in the calculated Vw" Although the direction of ve 
will be in error, the magnitude of Va will remain essentially constant for 


normal yaw angles however, due to the relative insensitivity of pitot tubes 
to angles of attack up to 10-15° (Gorlin and Slezinger, 1966; Lenschaw, 1971). 
Accounting for the aircraft yaw, the x and y components of the wind, from 

Fig. 3, can be expressed as 


whe a ) (3) 


WX 


Lae te +V, sin(e, - 8) (4) 


Here, in? and V_ are the corrected (for drift) ground velocity components in 


the inertial platform frame. Positive yaw refers to clockwise rotation of 
the aircraft about the vertical axis. Relative to a north-east coordinate 
system, the wind speed and direction are given by: 


aren Vemma y 2 (5) 
W Wx WY 


° i fn =] 
Heading = a - tan Atel (6) 


In order to obtain a measure of the aircraft yawing motion, a 


rotatable vane was mounted on the underside of the nose assembly adjacent 
to the air temperature sensing thermistor. The axis shaft for the vane was 
connected to a precision potentiometer similar to the ones used on the 
alt/azimuth target sight, thus enabling the yaw angle to be monitored. 
Because of the location of the vane in the airstream and because the vane 
was not statically balanced, the output from the vane was found to be non- 


linear for induced angles of yaw > 5° or for roll angles > 10°. One or both 
of these conditions will normally exist during aircraft turns resulting in a 
larger degree of error in the calculated wind. With proper flight planning, 
however, plane manoeuvres can be restricted so as to occur over areas of less 
importance and in any event, will likely represent only a small fraction of 
the total flight time. 


Each of the sensors' input to MIDAS are voltage conditioned to yield 
a maximum of 10 V output within the normal range of operation. This is 
particularly important in that the analog channels in MIDAS have no voltage 
overload or reverse polarity protection. If one (or more) channels overload 
or experience a negative voltage, all eight channels become inoperative for 
the duration of the fault. Calibration of each of the various sensors was 
performed either in the laboratory or in the aircraft and the estimated RMS 
errors for each are listed in Table I. 


Table I 


Wind Measuring Sensors and Calibration Accuracy 


Sensor Description Estimated RMS Accuracy 
Static Pressure Hamilton Standard +0.001% FS RMS 
Model PT-020S-5D (+0.014 mb) 
(0-20 PSIA) 
Pitot-Static EdC att +0.02 mb RMS linearity 
Pressure Model 4-10S-2.50 +0.03 mb resolution 
(+2.5 PSID) 
Temperature Thermistor feedback +0.04°K RMS 
Sensor op-amp +0.03°K resolution 
Yaw Precision single +0.2° RMS linearity 
Indicator turn potentiometer +0.12° resolution 


The differential pressure transducer and associated 6X amplifier were 
calibrated using the static pressure transducer as a standard. The stated 
accuracy of the static pressure transducer is as given by the manufacturer. 
Calibration of the temperature-sensor was conducted in a stirred glycerin 
bath using an accurate digital quartz thermometer with the entire bath 
assembly contained within a controlled environment chamber. Using the data 
in Table 1, in conjunction with Eq. (1), the estimated RMS error in V_, as 
measured from the pitot tube, should be < 0.1 m/s. Combining this 

estimate with a ground speed error of 0.2 m/s and a yaw error of 0.3° results 
in an estimated total wind velocity error vector of magnitude 0.5 - 0.6 m/s. 


5. Pitot and Yaw in-Flight Calibration 


The laboratory calibration of the pitot and yaw assemblies discussed 
above determined the relative accuracy of the two sensors. Absolute 
calibration, i.e., relating actual airspeed to measured airspeed, and actual 
yaw angle to measured yaw angle, of these two sensors was determined during 
each flight by analysing the calculated wind derived at various aircraft 


headings. Specifically, we consider that ae CV and ay) = ey Hr IC5, 
That is, the true airspeed V5 is given by the measured airspeed Ve from 


Eq.(2) multiplied by a correction coefficient C,;. The magnitude of C, will 
be of order unity; its actual value being determined by the design of the 
pitot tube (Gorlin and Slezinger, 1966) and any additional systematic 
measurement errors in air temperature and density (e.g., due to changes in 
humidity). Similarly, the true aircraft yaw angle 6, is given by the 


measured yaw ey plus an offset constant C,. This constant will account for 


any error in the zero setting of the yaw sensor in addition to any misalign- 
ment of either the inertial unit or the pitot tube with respect to the 
longitudinal axis of the aircraft. Applying these corrections to V. and 6, 


in Fig. 3, we can see that C; will result in an error vector in Vy which is 


essentially along track whereas C, will result in an essentially crosstrack 
error. The resulting situation is shown in Fig. 4. As is evident, the 
result will be an error in both the magnitude and direction of LP which will 


be dependent on the heading of the aircraft. Thus, if the aircraft travels 
along two different headings in a region of assumed constant wind, an error 
in either (or both) of C, and Cy will result in a different apparent wind 
vector along each heading. By adjusting the values of C, and Cy so as to 
minimize the variation in the calculated winds around a turn, a reasonably 
efficient method of calibration is realized. Because wind fields in any 
given area are never absolutely constant, calibration checks were taken at 
several locations during each flight in order to produce average values for 
C,; and Co. These locations were chosen to be regions of relatively steady 
wind in which the aircraft turned through an angle of > 90°. Approximately 
equal numbers of samples were used in the calibration along each turning leg 
so as not to weight one leg of the turn more heavily than another. During 
some flights a square pattern was flown and the resulting calibration 
performed for the entire square. Comparison could then be made of the values 
of C; and C, obtained in this manner as compared to analyzing individually 
each of the four separate 90° turns. As was mentioned earlier, the yaw 
sensor used in the current tests could be expected to provide reasonably 
accurate measurements provided the roll angle of the plane did not exceed 
about 10°. For this reason, wind data obtained while the roll exceeded 10° 
was not used for any of the wind calculations. An improvement in both the 
yaw sensor design and its location would be required for accurate wind 
measurements under high aircraft roll or yaw. 


Table II shows the results of the inflight pitot and yaw calibrations 
for various test flights. 


TABLE II 


Pitot and Yaw Inflight Calibrations 


Flight Date Cy Co(°) Vy (m/s) —- RMS(m/s) Number 
Jan. 27, 1977 1.005+0.004 -0.6+0.2 De 0.7 5 
March 30, 1977. —-1.018+0.004 -0.6+0.2 2.6 0.5 6 
March 31, 1977. 1.032+0.007 -0.440.5 10.7 191 8 
May 19, 1977 |.017+0.003 -0.5+0.4 ROT 0.8 6 
June 14, 197/ 1.025+0.001 -0.6+0.1 6.0 0.7 5 
June 17, 1977 1.022+0.001 -0.6+0.2 5.8 0.7 5 


Here, the average values of C,, Co and We are given together with the RMS 


deviation for each average and the number of calibration locations for each. 
As is evident, the variability in C,, Cy and Che increase for larger amplitude 


winds, a result which is most likely due to increased air turbulence under 
higher wind conditions. Because of the large inertia of the aircraft as 
compared to the small yaw sensor, short period air turbulence (or wind gusts) 
will show in the data as a change in the aircraft yaw angle. The computed 
wind vector in such cases will remain accurate provided that the turbulent 
components of the wind normal to the mean wind direction are sufficiently 
small such that the effective angle of attack of the pitot tube remains 
within the previously specified limits of 5-10°. For larger effective attack 
angles, a trigonometric correction to the measured airspeed would need to be 
applied. It should also be mentioned that under conditions of heavy turbu- 
lence, the assumption of a constant wind field during calibration is also 
likely suspect. Calibrations computed in any given flight without using the 
yaw sensor data resulted in an increased RMS deviation in the average values 
for both C, and C, computed for the complete flight. This indicates that 
within the limitations of the yaw angle sensor used here, the yaw angle data 
does lead to improved internal consistency and overall accuracy of the 
resulting wind calculations. 


Variations in the average values of both calibration constants from 
flight to flight are partly attributable to long term mechanical and 
electrical drifts associated with the various sensors involved. In 
particular, in the period between the January 27th and the March 30th flights, 
the pitot and static pressure transducers were removed from the aircraft, 
possibly accounting for the jump in value of C, over this period. Averaging, 
the last five flights results in overall average values for C, and C. of 
1.023+0.006 and -0.5+0.1° respectively. For an average airspeed of 75 m/s, 
the combined RMS deviations in the above values will result in an RMS wind 


error vector of magnitude about 0.6 m/s, a value which is in very good agree- 


ment with the predicted estimated error given previously. The altitudes at 
which most of the calibrations occurred ranged from 30-300 m. For the 

June 14th test however, in flight calibrations were conducted at altitudes 
of 30 m and 3000 m. These calibrations resulted in essentially identical 
values for C; and C, at both altitudes indicating that the pitot and static 
pressure sensitivities are relatively independent of altitude up to this 
height. 


6. Wind Measurements in Juan de Fuca Straits 


During the first half of 1977 six flight tests of the system were 
conducted in Juan de Fuca Strait off Victoria, B.C. The majority of these 
flights were undertaken in cooperation with the Tides and Currents section 
of the Institute of Ocean Sciences, Patricia Bay, for the purpose of studying 
the feasibility of measuring near surface wind fields for use in various oi] 
spill prediction models of the strait. The results of these test flights are 
discussed below. 


The computed wind vectors, for each flight, calculated using the 
yarious values of C; and C, in Table II are shown in Figs. 5 through 10. In 
each case, the wind vectors represent an average over a time span of 
30 seconds, representing a spatial averaging distance of about 2 km. The 
original plots were computer generated on a natural scale of 1:250,000 and 
then subsequently overlaid on a topographic map of the region for hand 
drafting of the coastline along the strait and the southern tip of Vancouver 
Island. In each test, the flight path was chosen to encompass a sufficient 
number of surface landmarks for post-flight inertial system drift analysis 
(as discussed previously). 


As is evident in all six flights, the winds in Juan de Fuca Strait 
are predominantely directed along the strait. This result is typical due to 
the funnelling effect of the Olympic mountain range along the southern border 
of the strait and the coastal mountains along the northern border of the 
strait on Vancouver Island. For four of the flights, on March 30 and 31, 
May 19 and June 14, the winds in the strait were towards the east ranging 
from 6 to 17 m/s. In each case, the winds down the strait tend to split as 
they approach the mouth of Haro Strait and Puget Sound, with the winds in 
the northern strait tending northward up Haro Strait and the winds in the 
southern part of Juan de Fuca Strait tending southward down Puget Sound. 
Also evident is a distinctive shading of the wind, by the land mass near 
Victoria, causing a drop in wind speed up the western side of Haro Strait. 


Conversely, for the flights on January 27 and June 17, where the 
winds in the strait were to the west, a reciprocal process (at least as 
concerns Haro Strait) is seen with the wind flowing southward down Haro 
Strait and then being funnelled along Juan de Fuca Strait to the west. As 
evidenced in the June 17 flight, the winds in the center of the strait seem 
to suggest an origin in Puget Sound. Unfortunately, no wind measurements 
were taken along the southern reaches of the strait or near the mouth of 
Puget Sound. Measurements of this kind would have been valuable in determin- 
ing if a completely reciprocal process had been occurring here, that is, if 
the air mass along the southern section of Juan de Fuca Strait had its origin 
in Puget Sound to the south. 
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Some conclusions might also be drawn from the May 19 flight concern- 
ing the character of the winds in the strait proper. Here, several cross- 
strait sections were flown in addition to sections along the northern and 
southern boundaries. Similar sections were also flown during the March 30th 
flight but for this flight the winds were too variable to be of any 
Significant value. As is evidenced in the measured winds on May 19, the 
winds in the north and center sections of the strait are seen to be relatively 
uniform. Along the southern boundary of the strait, however, the wind tends 
to be less uniform. Part of this is most likely due to the much more 
irregular nature of the shoreline along the Olympic Peninsula. Certainly 
near Cape Flattery, at the southern mouth of the strait, the decreased effect 
of the Olympic mountain range can be seen by the fact that the wind is more 
to the south rather than being directed along the strait to the south-east. 


As mentioned above, the purpose of these flights was to measure near 
Surface wind fields in Juan de Fuca. To this end, the aircraft was flown as 
low as possible (20-30 m) while over areas of interest. While away from the 
strait, and while flying over surface landmarks, the altitude of the aircraft 
was considerably higher, ranging up to 500 m. Thus, much of the variability 
in the wind plots is due to aircraft altitude changes. These changes in 
altitude are indicated in Figs. 5-10 by bars superimposed on, the wind 
vectors. Here, no bars signify altitudes to 60 m, one bar altitudes to 200 m 
and two bars, altitudes above 200 m. Viewing the wind measurements in 
Figs. 5-10 as a whole, the fact the averaged winds in any given location 
measured at the same altitude at varying aircraft headings show very good 
internal consistency is verification of the inherent accuracy of the system as 
discussed above. Additional evidence for this can be obtained from the wind 
data during the last flight on June 17. For this test, anemometer wind 
measurements were also taken aboard a vessel on lease to the Tides and 
Currents Section, stationed near the center of the strait. This wind data 
consisted of one minute time averaged wind speed and direction obtained 
approximately 5 m above sea level. In order to use this data for comparison 
with the airborne system, several square patterns were flown at low altitude 
(< 20 m) around the vessel during a portion of the flight. Averaging the 
calculated winds over these squares (a total time of about 7 minutes) 
resulted in a mean speed and direction of 5.0+1.6 m/s and -40+13° respectively. 
Over this same time period, the corresponding average of the anemometer data 
was 4.6+0.4 m/s and ~50+5°. Considering the altitude difference of the two 
measurements and that the airborne data represents a spatial, in addition to 
time average, the agreement between these two sets of data is very good. 


7. Summary and Conclusions 


Airborne measurements of wind have been made from an aircraft using 
data from the aircraft's pitot/static system in conjunction with data from 
an onboard inertial navigation unit. The inertial navigation unit is a 
Litton LIN-51 interfaced to a specialized data acquisition system. 
Additional sensors have been incorporated into the system to measure the 
additional parameters of air temperature and aircraft sideslip which are 
required for the calculation of wind velocity. Inertial system drift is 
compensated for by fixing the aircraft's position using target Sighting 
apparatus located in the transparent nose of the aircraft. 
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Accounting for additional residual errors in the inertial system as 
well as errors in the various wind measuring sensors, we estimate that the 
resulting wind velocity measurements will be accurate (for aircraft roll 
< 10°) to about +0.5 m/s. Viewing the results of the various test flights 
of the system to date, in particular the internal consistency shown in the 
calculated winds in the same area and at the same altitude, it is difficult 
in fact to imagine any instrument effect which could cause the observed 
winds to be in error beyond the calculated accuracy limit stated above. 


Given this accuracy, it is felt that the present system can provide 
useful wind data for a variety of applications, such as atmospheric models 
and/or oil spill prediction. This data would be of significantly greater 
use than present data available from moored buoys or onshore weather stations. 
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Figure 3. Vector quantities involved in the calculation of wind velocity. 
The x, y coordinate system represents the axes of the inertial 
platform. 
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x axis (Platform) 
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Figure 4. Perturbation to the calculated wind velocity vector caused 
by applying angle and amplitude corrections C, and Cy to 
the measured airspeed direction and amplitude respectively. 


Figures 
5-10. 
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Calculated airborne wind vectors for six test flights of the 

system in the first half of 1977. In each case, the vectors 

represent 30 second time averages. The approximate altitude 

of the aircraft is indicated by bars superimposed on the body 
of each wind vector. Here, no bars indicates altitudes to 

60 m; 1 bar, altitudes to 200 m and 2 bars, altitudes above 

200 m. 
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ABSTRACT 


Lack of knowledge regarding the drag forces on a thermistor chain 
moored in tidal currents led to uncertainties in the design of such moorings 
using a surface buoy. In an attempt to resolve the problem, a field 
experiment was conducted using a thermistor chain, current meters and pressure 
sensors suspended from a subsurface buoy. An empirical value for the 
thermistor chain drag coefficient is obtained using the field data and a 
mathematical simulation of the mooring. Then, using the model to simulate a 
surface mooring, the effect of thermistor chain drag on cable tension and 
required anchor weight is investigated. 


Ti 


Acknowledgements 


Grateful acknowledgement is made to A. Stickland, R. Bigham and 
L. Spearing for their efforts in arranging, installing and retrieving the 
test mooring and to the captain and crew of the Dobrocky Seatech vessel 
"Sea Lion" for their assistance with the field work. 


iii 


TABLE OF CONTENTS 


Page 
Abstract ; 
Acknowledgements ii 
Table of Contents iii 
List of Figures iv 
List of Tables iv 
Introduction ] 
Sensor Data ] 
The Mooring Model 4 
Thermistor Chain Drag Coefficient 6 
Thermistor Chains With a Surface Mooring 6 
Conclusion 1 
References 14 


Appendix I - Model Input Parameters 15 


Fig ili 
Figs: 2s 


Saks ener 


Table 
Table 
Table 
Table 


LIST OF FIGURES 


Mooring Arrangement 


Current Speed vs Cable Tension for a Surfaced- 
Moored Thermistor Chain 


Graph of 1/p = (Wy - TI)/Ty vs Velocity 


LIST UF TABLES 


I. Data Obtained From Current Meter Sensors 
II. Sensor Data Converted to Ft-Lb-Sec System 
III. Mooring Component Rest Position Distances 


IV. Checks on Drag Coefficient Estimate 


10 
12 


> WW 


Introduction 


Aanderaa thermistor chains are often moored beneath a surface buoy 
for the purpose of determining the thermal structure of the water. Each chain 
is made up of 11 thermistors enclosed in a plastic hose with a diameter of 
16 mm and a length of about 50 m. Because the drag coefficient of the hose 
(when attached to a wire rope forming part of a taut-line mooring cable) was 
not known, there was some uncertainty as to how many such thermistor chains 
could be safely used on one mooring in strong currents. It was decided to 
attempt an in situ determination of the drag coefficient by using data obtain- 
ed from a thermistor chain and Aanderaa current meters, attached to a sub- 
surface mooring, in conjunction with a numerical mooring model (Bell, 1977a, 
b). With a velocity profile obtained from the current meters, and a measure 
of the vertical excursion of the mooring obtained from pressure sensors in- 
corporated in the current meters, it would be possible to obtain an estimate 
of the thermistor chain drag coefficient from the mooring model. 


A mooring was deployed on May 30, 1977 in Haro Strait at the 
position 48° 35.6'N, 123° 15.5'W. Previous experience at this location has 
shown that the velocity profile is usually quite uniform in both amp1itude 
and direction during periods of large tidal range. When this condition 
prevails, the subsequent analysis is facilitated. The water depth at the 
site is approximately 207 m. The mooring arrangement is shown in Fig. 1, 
together with an indication of the component distances along the cable, 
referred to the anchor location. The distances include an allowance for the 
strain induced by cable tension. The mooring was retrieved on June 6, 1977. 


Sensor Data 


The sampling interval used for data acquisition was 2 minutes. In 
the sampling scheme used by the Aanderaa current meters the direction and 
pressure data are obtained as instantaneous values, whereas the speed is 
integrated over the sample period. A sample set was chosen from a portion of 
the record where there was some reasonable correspondence between speeds and 
directions at the three current meter positions. This set is presented in 
Table I. Subsequently, in the model, the mean of the samples is used. This 
is an aid in smoothing out irregularities in the data arising from the 
difference in sampling technique between speed and pressure, or from non- 
uniformities in the velocity profile between current meter locations. Al- 
though oceanographic data are normally reported in metric units, as in Table I, 
they are here converted to the ft-lb-sec system for use in the model because 
of the present utility of the force unit (1b). Table II presents some 
pertinent data thus converted. An obvious inconsistency is apparent, inasmuch 
as the change in depth is shown to be slightly greater for the middle sensor 
than for the top one in the array. This is readily accounted for by the 
considerable difference in actual accuracies of the pressure sensors. The 
top sensor has a range of 0-200 psi and the other two both have a range of 
0-1000 psi, while the accuracy is 1% of full scale in all cases. The height 
of the column of water equivalent to the accuracy is about 4.5 ft. for the top 
sensor and 22.5 ft for the others. Because the drag coefficient is determined 
by comparing actual and predicted vertical excursions, which are the 
difference between two pressure readings for the actual case, only the values 
obtained from the more accurate sensor will be used in the determination. The 
mean depth used in the calculation is adjusted relative to the rest position 
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depth, as shown in Table II, to account for the differing tide heights occur- 
ring at the times of the measurements for the instrument rest position and 
the position assumed by the instrument under the action of the current. The 
tide of the test mooring site is assumed to be that predicted for Hanbury 
Point on San Juan Island, immediately adjacent to the test site. 


TABLE II. Sensor Data Converted to Ft-Lb-Sec System 


Instrument No. 


730 639 638 
Mean Depth (ft)* | 197.1 391.8 567.0 
Mean Depth Adjusted for 

Tide Height (ft) 193.8 388.5 563.7 
Rest Position (ft)* WAS 370.0 562.2 
Change in depth (ft) 18.1 18.5 1.8 


Mean speed = 2.8 ft/sec 


* Depth is obtained from the pressure reading and includes the effect due to 
the water column being saline (specific gravity = 1.024). 


The Mooring Model 


Mathematical simulation of the mooring system is accomplished by 
writing the appropriate static force balance equations for the buoy, the 
cable and the instruments, and solving them simultaneously using a numerical 
integration procedure. Boundary conditions are established by the buoy at 
the upper end of the cable and the integration proceeds from there, in 
discrete steps, to the anchor end of the cable. Here, the anchor and the 
bottom must coincide (within a specified limit) or an iteration is necessary. 
Because of the step-wise integration, the cable consists of an integral 
number of segment lengths and instruments can only be inserted between 
segments. As a result, the model dimensions must be altered slightly from 
those of the real system it is intended to simulate. The effect of this is 
Shown in Table III and Fig. 1 for the present case. Again, a discrepancy is 
noted in connection with the pressure sensor data since the measured distance 
between sensors does not agree with that derived from the pressure information. 
Part of the discrepancy may be due to a small error in the reported rest 
positions, arising from an incomplete knowledge of the velocity profile, but 
most is undoubtedly a result of sensor inaccuracy. This data supports the 
decision to derive the drag coefficient from the information supplied by the 
uppermost pressure sensor. The next requirement is one of setting out the 
remaining model input parameters with reasonable accuracy, as presented in 


TABLE III. Mooring Component Rest Position Distances (ft above bottom) 


Distance 
Component Planned Measured Pressure” Model 
Bottom sensor 100 101.2 116.3 102 
Middle Sensor 500 . 301,35 308.5 302 
Top Sensor 500 502.8 502.8 502 
Buoy 520 2) EMS 52330 ea ce: 


Model cable segment length = 2 ft 
No. of segments = 262 


* Derived from pressure sensor data assuming a water depth of 678.5 ft so 
that the top sensor position coincides with the measured value. 


Appendix I. The only item which requires some explanation (besides the Viny 
float which remained attached through an error) is the value of the diameter 
of the thermistor chain-wire rope combination. These two components are 
initially fastened together in a slack condition with their axes parallel to 
one another, using plastic ties spaced several inches apart. When the wire 
rope comes under tension, after installation of the mooring, it has a tendency 
to unwind because it is not torque-balanced. Wire rope is used in preference 
to a torque-balanced synthetic plastic cable to prevent undue stretching of 
the thermistor chain under tension. The net result of the unwinding tendency 
is that the thermistor chain assumes a helical shape about the wire rope, 
increasing the cross-sectional area presented to the flow. (However, this 
shape may inhibit vortex shedding and, hence, strumming with its resulting 
higher drag.) The effective, or average, diameter of the combination is 
therefore assumed to be the sum of the largest diameter (in this case, the 
hose) and one-half of the smallest diameter (the wire rope). The definition 
of diameter is not of great import so long as it is used consistently in any 
subsequent calculations involving the derived drag coefficient. 


A value for the drag coefficient of the thermistor chain is assumed 
and the model predictions for the change in depth of the sensors under the 
influence of the given current are computed. When this is done for two or 
three different values of drag coefficient, an interpolation can be made for 
that coefficient which corresponds to the measured depth excursions. Mention 
should be made of the fact that only the normal drag force is considered here, 
consisting principally of form drag, but including a smal] additive skin 
friction term. Longitudinal drag is neglected as an unnecessary complication 
(although provision for calculating it is included in the model). Thus, if 
the cable is at an angle to the flow, the drag is taken basically as the 
product of the square of the sine of the angle and the drag which would occur 


normal to the flow. So long as the angles involved are reasonably close to 
90°, the error due to the omission of frictional drag in the axial direction 
is small. Also, buoy tilt may be quite pronounced at high current speeds and 
no attempt is made to include the effect of this in the model. 


Thermistor Chain Drag Coefficient 


Two model simulations were made, using drag coefficient values of 
1.8 and 2.1. These resulted in predicted depth excursions which bracketed 
the actual excursion of the uppermost current meter. A linear interpolation 
was then made, indicating coincidence of the measured and predicted 
excursions at a drag coefficient value of Cy = 1.97. Some uncertainty in 


this value results from measurement errors, some from the tide height predic- 
tion and some from errors in estimating drag coefficients for the other 
mooring components. The greatest source of uncertainty, though, arises from 
the lack of complete knowledge of the velocity profile, because the square of 
the velocity is involved in the determination. It is not possible to assign 
limits to this uncertainty with any degree of confidence. However, as a 
check on the validity of the estimate, it can be used for predictions of 
instrument excursions corresponding to other points in the empirical data set. 
This is done below. Because of the uncertainty, the value of the coefficient 
is henceforth rounded off to: 


Table IV sets out the details for the comparison of some additional 
model predictions for the current meter elevations with the corresponding 
empirical data. The first check was made for the case of relatively strong 
currents, about twice the speed of the current used in arriving at the drag 
coefficient value. The effect of this higher speed should be to magnify any 
errors in predicted depths. Also, only one sample set was used in the 
comparison, although it should have reasonable validity because it was chosen 
from a section of the data record where the velocity and pressure appeared to 
be smoothly varying functions. The remaining three checks are all based on 
the average of five sample sets. The first three checks involve a uniform 
velocity profile, whereas the fourth has a linear variation in velocity with 
depth. The greatest error for the predicted depth of any of the current 
meters in any of the checks is about 4% of the indicated depth. Since the 
predicted depths err on both the high and low sides of the indicated depths, 
it is likely that the chief source of the error is the uncertainty in the 
velocity profile for each case. 


Thermistor Chains With a Surface Mooring 


Now that an estimate of the thermistor chain drag coefficient has 
been obtained, we can use it in a model simulation of a surface mooring to 
determine the constraints imposed on a system using one or more thermistor 
Chains. 


The model mooring uses a Geodyne toroid buoy for surface support. A 
typical water depth for such a mooring in coastal waters might be .900 ft, as 


TABLE IV - Checks on Drag Coefficient Estimate 


CHECK NO. 1 
Instrument No. 
730 639 638 
Indicated current speed (ft/sec) 5.76 5.63 5.76 
Current direction (°T) 344 337 310 
Model current speed (ft/sec) 5.7 57 5a 
Indicated depth (ft) 354.5 506.9 605.4 
Indicated depth adjusted for tide 
height (ft) 347.3 499.7 598.2 
Predicted depth (ft) 536.3 505 a2 623.0 
Percent depth difference Spd -1.1 -4,2 
Rest depth (ft) hy Oe 320..0 562.2 
Indicated change in depth (ft) 171.6 129.7 36.0 
Predicted change in depth (ft) 159.9 128.7 46.8 
Remarks: Reference data is Record No. 2169, chosen 
from smoothly varying section of data. 
Predicted line angle is very large so 
speed recorded by C.M. #638 may be about 
15% low and direction may be inaccurate. 
CHECK NO. 2 
Instrument No. 
730 639 638 
Indicated current speed (ft/sec) 3.28 3.47 3.16 
Current direction (°T) 174 183 166 
Model current speed (ft/sec) S.2 342 a7 
Indicated depth (ft) | 2Vq.5 407.4 576.8 
Indicated depth adjusted for tide 
height (ft) 210.4 403.3 aie! 
Predicted depth (ft) 206.5 402.0 586.6 
Percent depth difference 1.9 O23 -2.4 
Rest depth (ft) 17537 370.0 562.2 
Indicated change in depth (ft) CaueT 8320 10.5 
Predicted change in depth (ft) 3020 25.0 10.1 
Remarks: Reference data is mean value of Record 


Nos. 4134-4138, incl. 


TABLE IV (Cont'd) 


Nos. 3861-3865, inc. 
Linear velocity profile assumed for model. 


CHECK. NOS 
Instrument No. 
730 639 638 

Indicated current speed (ft/sec) 3.65 3.51 3.57 
Current direction (°T) 350 348 345 
Model current speed (ft/sec) 3.6 3.6 3.6 
Indicated depth (ft) Vial dy oad 411.8 57 PSs 
Indicated depth adjusted for tide 

height (ft) A. 7 408.4 574.1 
Predicted depth (ft) are 414.6 591.4 
Percent depth difference -1.8 -1.5 -3.0 
Rest depth (ft) 175.7 37090 562.2 
Indicated change in depth (ft) 42.0 38.4 11.9 
Predicted change in depth (ft) 45.0 38.1 14.9 
Remarks: Reference data is mean value of Record 

Nos. 1365-1369, inc. 
CHECK NO. 4 
Instrument No. 
730 639 638 

Indicated current speed (ft/sec) 2.85 ZS 1.38 
Current direction (°T) 169 Wa 176 
Model current speed (ft/sec) 2.86 Aah 1.39 
Indicated depth (ft) 197.4 391.6 5/ou 
Indicated depth adjusted for tide 

height (ft) 189.5 383. / 567.2 
Predicted depth (ft) 188.9 386.6 580.2 
Percent depth difference ad -0.8 -2.3 
Rest depth (ft) 175.1 370.0 562.2 
Indicated change in depth (ft) 14.4 1327 5.0 
Predicted change in depth (ft) Wea! 10.1 3.7 
Remarks: Reference data is mean value of Record 


assumed here. The total unstretched mooring line length is also made 900 ft 
so that the elasticity of the cable only causes a tension force in the line 
under the condition of non-zero tidal current speed. (Normally, the 
installation would be made with some pre-tension at zero speed, but this is 
just an additive constant.) The thermistor chain portion of the cable begins 
immediately below the buoy. Each thermistor chain is 165 ft in length and 
consists of 5/8-inch hose attached with cable ties to 7/16-inch wire rope. 

It is assumed to be inextensible so all the stretch occurs in the remaining 
portion of the cable. This latter is 5/8-inch prestretched Samson 2-in-] 
nylon braided rope. A deadweight anchor is used to hold the mooring in 
position. For the sake of simplicity, no current meters or other instrument 
packages are included in the simulation. In any case, the drag on such 
instruments is small compared to the drag on the thermistor chain. A uniform 
velocity profile is assumed. 


In the course of referring to the manufacturer's literature to 
determine the strain equation coefficients (Bell, 1977a) for the Samson nylon 
rope, it was discovered that a change has recently occurred in the method of 
rope construction. This change results in a much reduced elasticity for the 
new construction compared to the old method. The old construction is pre- 
ferred for taut-line surface moorings because it results in reduced cable 
tension for a given water velocity and less side thrust tending to drag the 
anchor. Further inquiry elicited the information that it is a simple opera- 
tion to convert the manufacturing machinery back to the old method, a change 
in gear ratios being all that is required, and that this could be done for any 
rope order when specified. A discrepancy was also discovered in referring to 
the manufacturer's literature in connection with the toroidal buoy. In this 
case, the stated buoyancy was 5% greater than that obtained by calculation 
using the given buoy dimensions. The model uses the given dimensions to 
calculate the buoyancy for any depth of immersion so, for complete immersion, 
the buoyancy is somewhat less than that claimed by the manufacturer. Also, 
the value of drag coefficient for a toroidal buoy is uncertain and is here 
assumed to be unity regardless of the immersion depth. 


The results of several simulations are presented in Fig. 2 for cable 
having the old construction. The curve for a mooring using the old-style 
cable and two thermistor chains corresponds very closely to the results 
obtained using cable of new construction and a single thermistor chain. Only 
normal cable drag is considered for the curves shown in the figure; one 
simulation was done which included some longitudinal drag, but the results 
were little different from the equivalent system with longitudinal drag 
ignored. An examination of the curves makes it apparent that, for a region 
such as Haro Strait in the Pacific Northwest, where current speeds occasion- 
ally reach 7 or 8 ft/sec, the buoy may become completely immersed at times, 
even when only a single thermistor chain is used. Note that, once the buoy 
is completely submerged, the tension increases only slightly with increasing 
current speed. There is no particular cause for concern on this account, so 
long as the tension remains within the normal working range of the cable. 
However, the resulting side thrust on the anchor may present a problem as 
next discussed. 
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The situation regarding anchor movement is a difficult one to 
resolve, depending as it does on the nature of both the anchor and the sea 
bottom, in addition to the cable tension. If it is assumed that the bottom 
surface of a deadweight anchor is in contact with a flat, level sea bottom, 
then the frictional force F (the resisting force which prevents the anchor 
from dragging) is given by: 


F = u(Wy - T,) 


where pp is the coefficient of friction, W, is the weight of the anchor in 
water and T. is the vertical component of cable tension. If F is less than 
the horizontal component of cable tension, Ty, then the anchor will drag. 
Therefore, the criterion which must be met tb prevent the anchor from dragging 
in the specified case is: 


Using the previously described model mooring, with a single thermistor chain 
and a series of anchor weights, a family of curves can be plotted for current 
speed vs the reciprocal friction coefficient, as in Figure 3. Then any 
combination of speed and 1/y lying to the right of a particular anchor weight 
curve will result in that anchor being dragged, and any combination to the 
left of the curve will be safe. The situation for an anchor weight of 2000 Ib 
is indicated in the figure. If an estimate for the coefficient of friction is 
available (admittedly very difficult to obtain) then the curves permit an 
estimate of the anchor weight required to hold a mooring in position under 

the influence of a given current. For example, suppose Wa = 4000 1b and 


u = 1. Then the anchor will start to drag when the velocity exceeds about 

5 ft/sec, for the system as postulated. The above exposition represents a 
simplistic approach to the problem of anchor movement (especially since it 
ignores any imbedment) but it can provide some useful information concerning 
the constraints on a particular mooring system. 


Conclusion 


The Aanderaa thermistor chains present a relatively high resistance 
to flow, having a drag coefficient of about 2.0 for the presently-used 
configuration of 5/8-inch diameter plastic hose strapped to 7/16-inch diameter 
wire rope. The drag could probably be reduced by attaching the hose to a 
torque-free rope to reduce the effective frontal area of the combination. 


For the typical mooring examined, as the current speed increases, 
the surface buoy is pulled below the water surface before the tension in the 
cable reaches a critical value. After immersion, the cable tension is 
essentially equivalent to the net buoyancy of the buoy, increasing only 
slightly with speed. However, the horizontal force at the anchor continues 
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to increase, and the vertical force to decrease, because the cable inclina- 
tion is being reduced by the increased hydrodynamic drag on the system. The 
combination of these component forces influences the point at which the 
anchor starts to drag. 


It is advisable to continue using the old construction of nylon 
cable for taut-line surface moorings because it has more stretch than the new 
construction. This extra stretch results in reduced tension in the cable, 
reduced pull on the anchor and a reduced immersion depth for the buoy at any 
given current speed. 
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APPENDIX I - Model Input Parameters 


1. Velocity Profile: 
Uniform, 2.8 ft/sec 


2. Buoys: 
(a) Spherical Buoy 


Radius = 1.733 ft 
Reynolds No. = 6.5 x 105 (super-critical) 
Cy = 0.2 


Buoyancy = 


1395 1b (for specific weight of water = 64 1b/ft3) 
Weight = 418 1 


b (including shackle and pinger) 
(b) Cylindrical Buoy 


Buoyancy = 1278 1b 

Weight = 947 1b (including shackles and pinger) 
Frontal area = 2.41 ft? 

Cy = 0.7 


(c) Viny Float 


Buoyancy = 50 1b 
Weight = 6 Ib 

Frontal area = 1.04 ft? 
Cy = 0.2 


Bet, GAaviLes 
(a) Nylon (7/16") - Samson 2-in-1 


Diameter = 0.036 ft 
Cy = 1.4 


Weight 


= 0.051 1b/ft 
Buoyancy = 
5 


02065 (Lb t 

(b) Nylon (5/8") - Samson 2-in-1 
Diameter = 0.052 ft 
Cy = 1.4 
Weight = 0.120 1b/ft 
Buoyancy = 0.136 1b/ft 

(c) Wire Rope (1/4") - 6x19 
Diameter = 0.021 ft 
Cy = 1.4 


Weight = 0.100 1b/ft 
Buoyancy = 0.022 1b/ft 
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(d) Wire Rope (7/16") - 6x19 


Diameter = 0.036 ft 
Cy = 1.4 


Weight = 0.310 1b/ft 
Buoyancy = 0.065 1b/ft 


(e) Thermistor Chain 


Diameter = 0.052 ft 
Weight = 24.0 1b/164 ft 
Buoyancy = 22.3 1b/164 ft 


(f) Thermistor chain in combination with 7/16" wire rope 


Diameter = 0.052 + (0.036/2) = 0.070 ft 
Weight = 0.310 + (24/164) = 0.456 1b/ft 
Buoyancy = 0.065 + (22.3/164) = 0.201 1b/ft 
Cy = To be determined 


4. Instruments: 
(a) Aanderaa Current Meters 


Weight = 54 1b (plus shackles and swivels where appropriate) 
Buoyancy = 17 1b 

Frontal area = 0.5 ft? 

Cy = Vile) 


(b) Aanderaa Data Logger 


Weight = 30 1b 

Buoyancy = 10 1b 
Frontal area = 0.46 ft? 
ee ira | 


(c) Tensiometer 


Weight = 37 1b (including shackles) 
Buoyancy = 12 1b 

Frontal area = 0.64 ft? 

Ch = 1.1] 


(d) Acoustic Release 


Weight = 48 1b 
Buoyancy = 22 lb 
Frontal area = 0.90 ft2 
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